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PREFACE 

The University of Wyoming-National Park Service Research Center sponsors 
and supports substantial and significant research in the biological, 
physical and social sciences which can best be done in National Park 
areas of Wyoming, Montana, North Dakota and South Dakota because of the 
unique features those areas possess. Administratively, the Research 
Center is governed by an 8-member Steering Committee composed of 
4 University of Wyoming representatives ~nd 4 National Park Service 
representatives. The· University of Wyoming ~icc Presi~e11t fo1 ~ 
Research serves as Committee Chairperson. A faculty member of the 
University of Wyoming is Director of the Research Center program 
and is administrator of the Research Center facilities. Also, the 
Director is aorex-officio member of the Steering Committee. .t.. 
The Research Center physical plant consis~ of laboratory, library, 
living, · seminar, shop and storage accommo;rations. Those facili- 1. 
ties are normally operational from .mid-May to mid-October. · 

The Director annually calls for research proposals in early September 
from institutions and individuals requesting such notification. 
Included with this solicitation are 1) guidelines for proposal 
preparation, 2) housing and laboratory information, 3) Research 
Center operational policies, and 4) the Research Center· operational 
calendar. Topics for resea~ch include 1) those research problems 
identified by Park personnel, and 2) research problems suggested 
by outside individuals on basic or applied proposals they consider 
to be timely and important and uniquely appropriate to the National 
Park areas of the four states.- concerned. While many of the research 
topics wi 11 be directed at solution to management problems and .-.r:ed. 
improvement of interpretation information, there W'ill be a conce~tated 
effort to encourage and maintain support for a substantial basic 
research program. Research projects may extend beyond the exact 
boundaries of the -Park areas to work on problems common to .the 
Park lands and adjacerit lands. Limited funds are availabl~ for 
support of meritorious research projects. Also, research studies may 
be funded by other institutions or by individuals. 

lnve~(s) submitting proposals to the Research Center should 
be a cult . member of an academic institution or a full-time 
member of a research institution. Undergraduate and graduate 
students cannot be project investigators. Normally all proposals 
should reach the Director no later than mid-November. The decisions 
of the Steering Committe concerning approval and where applicable, 
funding, are rel~ased by mid-February. 
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DIRECTOR'S REPORT 

Sixty four research proposals were submitted to the Research Center 
for the . 1978-79 season. Twenty eight of these proposals, submitted 

· by 25 investigators f~om 14 insti.tutions, were approved. Also, 20 
of these proposals received funding support from the Center. Eleven 
of those proposals receiving fun~ing were continuing projects. 
Additional supporting funds were ~rovided by sponsoring ins~tiutions: 
The National Science Foundation~ U.S. Water and Power. Resources 
Service and the Wyoming Game:·,and Fish Department. Distribution of 
the projects include~ 1 in Fort Union Trading Post National Historic 
Site, 1 in Glacier National Park, 8 in Yellowstone National Park 
and 1 joint 1 y i·n Y'e 11 owstone Nat lona 1 Park and Grand Teton Nat i'on~d 
Park. Fourteen of ·these projects were conducted by researchers 
residing at the Research Center. 

With the exception of the Darkroom, the Berol Laboratories were 
fully operational when the Center's field activities were initiated 
in mid-Hay. Modifications of the Double Cabin as a 1 iving unit, the 
electric line system and the water system were major Center maintenance 
projects for the summer. University Physical Plant personnel and 
equipment were used to oil · the exterior log wall structures of the 
Berol and Johnson Lodge buildings. Lack of trenching equipment 
delayed burying e1e~tric linei to the Boat House w~ich in turn 
delayed the i~ternal modification of that structure for an aquatic 
laboratory. Telephone communications with the Research Center were 
vastly improved wi ·th the new buried cable, private lines and the 
pay telephone. 

Various supporting equipment was added to strengthen the Research 
Center's meeting facilities and the Library i~ the Berol Lodge. 
In the course ·of the summer three working scientific meetings were 
held in the foregoing faci 1 ities: the Pacific Flyway Hanag.ement 
Plan Workshop (u.s.· Fish and Wildlife Service) with 45 participants; 
the Western Energy and Land Use Conference (U.S. Fish and Wildlife 
Service) with 25 participants; and the Eisenhower Consortium for 
Western Environmental Forestry Research (U.S. Forest Service and 9 
Rocky Mountain universities) with 18 participants. In the three 
meetings, the physical facilities and the quiet, aesthetic atmos
phere of the Center were very favorably noted by the participants. 

The Research Center's Seminar Program was activated following the 
suspension during the Center's relocation to the new AHK site. 
Five seminars by investigators from four institutions deatt with 
topics concernJng digger wasp behavior, osprey and bald eagle 
populations, long term microtus population cycles, lung worm parasites 
in elk and butterfly and moth distribution and evolution in Western 
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Wyoming. 

The development of better communication channels with the smaller 
National Park areas in the four states was begun with on site visits 
by the Director to Fossil Butte National Monument, Big Hole National 
Battlefield and the Grant-Kohrs Ranch National Historic Site. 
These visits will be extended to the remaining small Park areas to 
more fully explain the Research Center's program, to obtain first 
hand information on their specific needs and problems and to 
encourage their participation in the Center's program. 

Kenneth L. Diem 
Director 
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RESEARCH PROJECT REPORTS 

The following project reports have been prepared primarily for 
administraiive use. The information reported is of a preliminary 

· nature and may be subject to change as the investigations continue. 
Consequently, the information presented may not be used without 
written permission from the author(s). 
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THE CHEMISTRY OF WEATHERING OF A PLIOCENE VOLCANIC ASH DEPOSIT, 
NATIONAL ELK REFUGE, WYOMING 

.. , 

Objectives 

R. C. Antweiler 
J. I. Drever 

,... 
I / 

Precipitation falls to the earth basically as distilled water, except 
near population centers where atmospheric pollution contributes solutes 
and near the ocean which adds sodium and chlor~e. !he waters of ·
springs, however, contain varying amounts of Ca , Mg~, ~, Na+, HC~ 
and aqueous silica as major constituents, derived from bedrock. How 
rainwater changes its composition to springwater as it passes through 
soils and rocks is not well understood. The objectives of our project 
were to study the initial changes in water chemistry as moisture passed 
through a 11 reactive11 bedrock and to compare our results with theoreti
cal models (eg. Helgeson 1968, Helgeson et.al. 1969, 1970, Wood and 
Surdam, . 1979). 

We chose the National Elk Refuge for our study because atmospheric pol
lution is negligible arid because suitable deposits of volcanic ash are 
located there. In addition, there is some data ·available on the water 
chemistry of the rivers and springs from the vicinity (Miller, 1974, 
Miller and Drever, 1977a, b) and on the geology (Love, 1957, 1968). 

Methods 

The ash deposit we are studying is located in the National Elk Refuge 
five miles north of Jackson. It is overlain by a thin (less than one 
meter) soil zone composed largely of clay minerals. The deposit is on 
top of a hill facing north. Vegetation in the study area is aspen and 
various grasses. The ash is~ rhyolitic glass with less than five per
cent crystal] ine material. It is Pliocene in age (Love, 1957). 

Rainwater was collected during storms, stored in polyvinyl chloride 
(PVC) bottles and frozen until analysis was possible. Snow was sampled 
on drifts occurring abcive the ash deposits and conttibutes t~e majority 
of the moisture which passed through the deposits. Moisture from the 
soil zone and the volcanic glass was removed using suction 1ysimeters 
(see Parizek and Lane, 1970). The lysimeters were sampled daily (if 
enough moisture was available) throughout May and June and biweekly 
thereafter for the duration of the summer. The pH of the samples was 
immediately taken; then the samples were frozen and stored in PVC bot
tles for future analysis. Samples of the volcanic glass were taken 
from each lysimeter station (there were 20) for x-ray and scanning 
electron microscope work. The lysimeter holes were dug with a 3-inch 
hand auger one to two meters deep. 400 samples were collected. 
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1 f "1" * * + + We Plan to analyze each samp e or aqueous s1 Lea, ca ·· ~ Mg , Na , K, 
alkalinity, P043, c

2
o4, and Cl~ When there is sufficient quantity, we 

will also analyze for dissolved iron, aluminum, SO~t and NOi· As of 
now, we have not analyzed the bulk of the samples. 

Results 

The moisture the lysimeters collected decreased ·by 95% from mid~ay to 
mid-September. Rainstorms throughout the summer were observed to wet 
only the top tens of centimeteis of the soil zohe . . This implies that 
the vast ~ajority of moisture passing through the v6lcanic ash. is de
rived from snow melt. Because the .snowpack was gone before the middle 
of June, the movement of water through the glass is apparently slow. 
At the present time, we do not know how th:e water moves. 

The pH of the waters collected was uniformly between 4.5 and 6.0 except 
in one lysimeter which averaged about 6.6. This lysimeter was the only 
one not overlain by vegetation and soil. Initial results on the alka· 

. linity of the samples indicate that the pH is too low to be accounted 
for solely by carbon dioxide in the soil. We believe that the low .pHs 
are due to organic acids (at present we do not know which ones) der~ved 
from the vegetation. 

. * -++ + + Initial results on the major cations (Ca , Mg , Na and K) and aqueous 
silica indicate that there is a significant amount of dissolution of 
the glass which occurs rapidly. Stated another way, the water is pick
ing up a substantial percentage (at this point, we do not care to clar-· 
ify the work 11 substantial 11

) of its solutes in the first few meters of 
contact with the glass. Aqueous silica and aluminum values are higher 
than springwater and are most 1 ikely due to organic complexation. It 
is proposed that these complexes break down deeper in the volcanic ash 
(compare Graustein 1975, 1976, Graustein et. al. 1977, Holdren et. al, 
1977). As yet we do not know why. 

Conclusions 

From the preliminary results, we conclude that soil and ash moisture is 
largely due to snow melt. In addition, we conclude that vegetation ex
erts a major control on the chemistry of the water in the volcanic 
glass by the addition of organic ions. These ions serve to lower the 
pH and increase the rate of cation and silica release from the glass. 
More work is required before the organic ions can be identified and the 
trends typified. · 
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Objectives 

LEPIDOPTERAN SURVEY OF GRAND TETON NATIONAL PARK 

K. Bagdonas 
T. McGann 
M. Rehg 
S. Blanche 
A. Houston 
K. Wilkinson 

Department" of Zoology and Physiology 
University of Wyoming · 

Lepidopterans play an integral role in high altitude Rocky Mountain 
ecosystems as larval her~ivores and, moie importantly, as pollinating 
adults. Lepidopterans also constitute a major food source for many 
other invertebrates and vertebrates in Rocky Mountain food chains. 
However, very little is known of the important lepidopteran aspect 
of ecology within Wyoming ecosystems, and virtually nothing of scien
tific value has been published on the lepidopterans of the National 
Parks in Wyoming. 

In 1979-80, we proposed the initiation of a base line study on the 
macro-lepidopteran species and the formulation of a synoptic list of 
these species inhabiting Grand Teton National Park. These major 
objectives would facilitate the determination of populational levels, 
habitat preferences, seasonal flight pe;riods, life histories, and 
economic/ecological designations as detrimental defoliators or bene
ficial pollinators of the species within the Park. 

Studies conducted in Rocky Mountain National Park and elsewhere in 
Colorado, Wyoming and Utah (Bagdonas, 1976; Bagdonas, et al. 1977a, 
1977b, 1977c, 1977d, 1978a, 1978b, 1978c, l979a, 1979b-, 1979c, 1979d, 
1979e, l979f, 1979g) have indicated many lepidopteran species in the 
Rocky Mountains are survivors of the Pliestocene glaciations. The 
data obtained from these ••rel ict11 or ••marker•• species can be used in 
the ageing and the determination of the rates of evolution within the 
high altitude ecosystems of Grand Teton National Park. Some lepidop
teran specimens in a small Park collection, housed at the Colter Bay 
Ranger Station are recognized Rocky Mountain 11 Pleistocene relicts••. 

As proposed in 1979-80, all data collected will be used toward the 
completion of a book for the National Park Service on the butterflies 
and moths of Grand Teton National Park. With expanded studies, this 
book could logically cover the lepidopterans of both Grand Teton and 
Yellowstone National Parks. 
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Methods 

The macro-lepidopteran fauna was monitored in portions of Grand Teton 
National Park from June l through August 18, 1979. Aerial nets were 
used to collect and identify diurnal species of butterflies and moths. 
Nocturnal species were attracted throughout the Park with the aid of 
portable Bio Quip No. 2808 ultra violet lamps powered by U.S. Army 
surplus 12 volt magnesium dry cell batteries. In addition, an elec
trical, mixed l _ igh~ trap with a 300 watt bulb, stationed at the UW-NPS 
Research Center, was operated as frequently as weather conditions 
permitted throughout the field season. 

All macro-lepidopteran specimens, observed and/or collected, were re
corded with accompanying weather conditions and floral descriptions 
of the study areas. the majority of collected specimens have been 
pinned and spread. Reference collections of both diurnal and noctur
nal species of macro-lepidopterans within the Park were formulated to 
increase taxonomic consistency for ourselves, regional museums, and 
the U.S. National Museum (Smithsonian) in Washington, D.C. In addition, 
unknown moth species have been turned over to specialists at the 
Smithsonian for classification. 

A conscious effort was made to sample all major habitat types in Grand 
Teton National Park, including the remote high altitude and talus 
slope areas. However, emphasis was placed on the high altitude areas 
in the northern portions of the Grand Teton Range, because of the 
proximity to the UW-NPS Research Center and because of relatively 
little human disturbance in these areas. 

Results 

From June l through August 18, 1979, our field team spent over 3400 
hours in the field a~d laboratory working on the Grand Teton Project. 
A total of 59 days and 35 nights were spent in the field collecting, 
observing, and recording data on both butterflies and moths. Over 
8,500 butterflies were recorded comprising 57 species in 7 families. 
Approximately 2,500 moths were also recorded during the field season. 
However, many of the approximately 100 moth species in 10 families 
are unknowns and have been sent to taxonomic experts at the U.S. 
National Museum in Washington, D.C. 

Of special importance was the discovery of the very rare sphingid moth, 
Proserpinus ·clarkiae in the Park. Two specimens recorded near two 
Ocean Lake and Harem Hill on June 24 and 25, 1979 are the first Wyoming 
records for this species. In addition, populations of the beautiful -
silk moths, Hemileuca eglanterina and H. hera picta were discovered in 
the Park in several areas. Relative population numbers for these two 
important species during the field season are given in Figure 1. 
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Relative numbers of butterfly species in flight throughout the field 
season are arso given in the lower part of ·F_igure 1. · 

Important data have been collected for lepidopterans in areas covering 
approximately half of the Park but only a third of the Park has been 
covered extensively. An expandecJresearch program is planned to in
clude the additional areas of the Grand Teto~s. 

Conclusions 

Classification of Grand Teton lepidopterans is still in progress, but 
we can cone 1 ude many new species have been .recorded for the Park and 
the State of Wyoming. The proposed three-year project is on schedule 
with good data bel~g recorded from about a third of the Park in 1979. 
We c·an expect the tota 1 number of 1 ep i dopteran species to daub 1 e or 
triple when other areas are sampled in an expa~ded research program. 
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A STUDY OF THE AQUATIC INSECTS OF TWO ROCKY MOUNTAIN 
STREAMS IN GRAND TETON NATIONAL PARK 

Donald V. Bennett 
Department of Entomology, Fisheries and Wildlife 
University of Minnesota, St. Paul, MN 35108 

Introduction 

An investigation of the insect faunas of Pilgrim and Pacific Creeks was 
carried out for comparison and contrast of the two streams. The 
possibility of placer mining at Pacific Creek emphasized the need of 
the study at this point in time. Systematic collection of insects 
and physical data from the streams provide information on habitats 
which are essentially unaltered by man. It is hoped that this research 
will form the groundwork for future studies and provide data for 
reference in the event of ecological disturbance of either habitat. 

Method~ 

The techniques for measurement of water chemistry were taken from O.T~ 
Lind 1 s Handbook of Common Methods in Limnology (1974). The hydrogen
ion concentrations were determined with a portable electric pH meter. 
Free co2 was calculated from the pH and _ total alkalinity using the 
formula mg co2/1 = 1.589 X 106 (H+) X mg/1 alkalinity. Dissolved 
oxygen was derived from the azide midification of the Winkler method. 
Alkalinlty was measured with bromcresol green- methyl red indicator 
and .02 N sulfuric acid. A portable electric meter was used to determine 
conductance. Current was taken at each sample location with a Weather -
Measure pygmy current meter at 4 em. above the substrate. Temperature 
was recorded with recording thermometers and mercury thermometers. 
Benthos was collected with a .1 m2 modified Waters and Knapp sampler. 
The collecting nets mesh openings were .505 mm. A stratified random 
sampling regime was used so that the most diverse array of habitats 
could be collected with the fewest number of samples. A pool, medium 
riffle, and fast riffle was sampled on every collection date in each 
stream. A grid was superimposed over each area and the coordinates 
drawn randomly for each collection. The depth, surface temperature, 
and current were taken at each collection. Current measurements 
were taken close to the substrate as suggested by Cummins (1962). The 
larger stones were cleaned and removed from the sampler. The remaining 
sand and gravel was stirred to a depth of 15 em. for 3 to 5 minutes. 
The samples were then picked at 15x under a dissecting scope and sorted 
to operational taxa. Head capsule and length were measured for the 
first 20 organisms in a taxon and only lengths for the remaining 
individuals. The insects were refrigerated and kept on ice during 
this process. Wet weights were taken after drying on filter paper. 
The insects were dried in 1 dram vials at a temperature of 30° C 

-12-



for at least 48 hours. Dry weights were. then taken. It is the authors 
opinion that in future studies two meters should be used to determine 
pH in order to obtain a mean and variance~ 

RESULTS AND DISCUSSION 

Physical Description of Prlgrim aMd Patific Creeks 

Pllgrim and Paci"fic Creeks are fourth order· streams rn northwestern 
Wyoming on the western side of the continental divide. Pacific Creek 
flows southwest. It starts almost at the continental dtvi·de with a 
water shed encompassing parts of the Washakie Mountain Range and the 
Pinyon Peak Highlands. It flows · into the Snake Ri·ver approximately 
7 ki'lometers downstream of the Jackson Lake Dam. Pilgrim Creek is 
about 10 km north of Pacific Creek, and flows south southwest from the 
Pinyon Peak Highlands into Jackson Lake. Pilgrim -Creek is two-thirds 
the length of Pacific Creek and has a proportlonal amount of water 
flowing in it. The collection site at Paci·fic Creek was at approximately 
2040 m in elevation and the site on Pilgrim Creek at 2070 m. Both 
streams have broad outwash plains formed by 
post-glacial down-cutting through the· gravel deposited by Jackson Lake 
Glacier. Their substrate is formed from igneous rock and comprised of 
cobble and gravel in a sand base. The streams commonly meander 
forming two or more channels exhibiting a braide- morphology. There · 
is a well defined terrace which separates .the dominant plant communities 
from the riverbed plant communities. Wi·llows (Salix spp.) ,alder 
(Alnus tenuifol ia), narrowleaf cottonwood (Populus angustifol ia), 
and silverberry (Eleagnus commutata) are common within the outwash 
plain. The streamside ecotone of Paci-fic Creek is characterized by 
narrowleaf cottonwood, blue spruce (Picea Pungens), russet buffaloberry 
(Shepherdia canadensis), Ribes spp., and honeysuckle (Lonicera involucrata). 
The vegetation is similar at Pilgrim Creek with the addition of balsam 
poplar (Populus balsamifera) ai a codominant species with the cottonwood 
and blue spruce. The streams both travel through all the major plant 
communities of the area from alpine to big sagebrush (Artemisia tridentata), 
aspen (Populus tremuloides), and lodgepole pine (Pinus contorta)forests. 

Seasonal variation in the streams is marked and relatively fast. They 
vary from flood stages in May - June to moderately flowing streams 
in September. Pacific Creeks water level dropped 10 em from early 
July to late August. Pilgrim Creek dropped 7.5 em in a comparable 
time period. The drop in water level had a greater effect on the 
width of Pilgrim Creek (6 m to 3.6 m in the fast riffle sample area) 
than in Pacific Creek (16.5~ m to 14,4 m in the fast riffle sample 
area) because of the overall size of the two streams, The current in the 
medium riffle in Pilgrim Creek varied from ,418 m/sec (75 em from the 
bank) on July 7 to .169m/sec on September 8, Pacific Creek varied 
similarly with a current speed of .371 m/sec on July 14 (175 em from 
the bank) to .208m/sec on July 27 (25 em from the bank). The water 
chemistry of the two streams changed synchronously with the variation 
in ·the streams f flow~ · The · cha~ge · · over from mafn1~ snow melt runoff 
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to a ground water-and precipitation-dependent w~ter supply created 
corresponding changes in the water chemistry, From Pig. 1 it can be 
seen that ihe pH in Pacific Creek rose .& pH unfts fr6m July 14 to 
August 9. P~lgrim Creek had a fairly stable pH by July 23, but a pH 
reading of 8.3 taken on July 7th implies an increase towards the base end 
of the spectrum throughout the spring. The pH of the~e streams is 
alkaline in comparison to a mode. or" 7,9 found amoung 14 Rocky Mountain 

' streams west of the Continental Divide (Pennak, 1977). In addltion to 
the change in water sources the increasing pH could also be accounted 
for by greater photosynthetic activity ~f the algae whlch accumul~ted 
steadily after spring runoff. Generally it can be seen that Pilgrim 
Creek had a higher ~H than Pacific Creek. This accounts for the greater 
amount of dissolved C02 in Pacific Creek. It is assumed if the pH 
is above 8.3 there is no free analytic C02 , whereas if it is below 
8.3 then gaseous co2 shoul~ oc~ur in company ~ith bicarbonate. ions ••. 
In this case the free C02 IS ssmply a reflectaon of the pH and alkal an1ty. 
I feel the drop in free C02 in Pacific Creek is an indication of the 
increased photosynthesis of the accumulating algal population in the 
stream. Inversely, as the plants assimilate t .he C02 , oxygen is released 
into the water. This is confirmed by the gradual increase in dissolved 
02 seen throughout the summer. The low oxygen concentration in 
Pacific Creek on August 9 could be explained by overcast rainy weather 
for 3 days preceding the water analysis. 

The total alkalinity (highest readiog 91 · mg 6.aco 3;1 at Pacific Creek) 
represents hard water, and indicates the creeks probably flow through 
some sedimentary rocks farther upstream. It increased throughout 
the summer. Pennak (1977) found similar changes in 20 Rocky Mountain 
streams. He attributed the increase to the fact that during the high 
flow of the spring runoff the water has little time to pick up 
soluble materials from the substrate. As the flow decreases, the water 
remains in contact with the substrate longer, dissolving more soluble 
materials. This results in a gradual increase in alkalinity as the 
season progresses as was observed in Pilgrim and Pacific Creeks. The 
total dissolved solids (TDS) were not measured. The increase in conduc
tance through out the summer does infer a corresponding increase in TDS. 
Little is known about the correlation between TDS (due to a river 
influent) supported a commerica1 fishery, whereas, Great Bear Lake 
with a lower TDS (no large influent) could not support a fishery. 

The temperatures recorded show minor variation throughout the summer. 
Temperatures taken from a 1 meter deep, fast flowing portion of the 
stream ranged from 1 - 2.2o C in a 24 hour period. The range in Pacific 
Creek was from 13.5° Con July 23 to daily peaks of 16.5° C throughout 
late August and early September. P!lgrim Creek ranged from 15° C on 
July 8th to peaks of 17° C durrng mad-August to early September. 
Temperatures were also recorded from 5 em below the water surface 
at each sampling site. These records varied as much as 1.75° C 
between sites on a given day and w·ere usua 11 y 1° C higher than the 
temperatures on the recording thermometers. 
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The tnsects of Ptlgrim and Paclfic Cte~ks 

Table 1 1 i'sts . the lnsects collected from the streams in quantitative 
samples taken during . the summer of 1979~ The two streams were collected 
on alternate weeks. The data are presented in chronological order 
in all tables. This Is done because of the ~tmilariti of the bottom 
faunas In the two streams~ ft is easy to ~iscern the length of time 
during which a given insect taxa is represented tn the iamples. 
The ~ccurance ~f the organism fn one or both stre~ms is also easily 
noted . A small case fetter e has been used to .show that general adults 
were collected on that date~ .The stream bank, margin, a·nd surface 
dwelling insects are poorly represented in this iable. Dip net collect
·ions yielded surface-dwelling species such· as: Gerris te~iges~ 
G. dissortis, G. i.ncurvatus (water striders)~ Mitrovelia -buelioi 
(small ·water striders)~ Gytinus confinus, G, affinis; G~ picipes, 
and G. pleural is (Wirigig beetles). Dip net collections along and under 
the streambank yield~d~ · Cen6coriza bifida; ·sigara 6mani, Callicoriza 
audeni (water boatmen), Amphizoa ·sp. - (trout stream beetles)~ Acilius 
abbreviatus, C6lymbetes exatatus; Rhant~~ · binotatus, · A~abus eticksoni 

--~--------~·------ ' 
Hydroporus (Oreodytes) crassulus; · H~ · r-ival is (predacious diving beetles), 
and .Notonecta .kirbyi (backswimmers). Faunal successions with changes in 
elevation are also to be expected (see Allan, 1975). Collections at 
higher elevations produced different species such as the perlid 
stoneflies Claasenia sabulosa and .Doroneuria theodora. The number 
of genera collected in each sample separated by habitat is recorded 
in Table 3 as a means of assessing species richness. Addition of 
Chironomid genera would probably increase these numbers on the order 
of 2-7 in ·each collection. Although some genera may have 5 species 
and others only 1 it is felt that analysis at this level is the 
most accurate. It eliminates quessing species numbers in taxonomically 
difficult groups. A Shannon~Wiener species diversity index was not 
calculated due to the aforementioned reason and the arguments of 
Hurlbert (1971). . 

~t appears as though the fast riffles support the largest number of 
species, whereas the medium riffles support the fewest. One explanation 
for this is the relative instability of the medium riffle throughout 
the season. The fast riffles drying up during the autumn. The effects 
of substrate and its changes on macrobenthos is well documented in 
Cummins and Lauff (1969) and De March (1976). 

By averaging the mean biomass from all collections it can be seen 
that the biomass in Pacific Creek is Approximately 1! times that 
found in Pilgrim Creek, (Table 3). This is to be expected when comparing 
size and stability of the water bodies. The biomass increased in 
both streams from July through September, although the data in 
Table 3 doesn•·t show a cons.istent increase, This can be explained 
by the collection of last instar Tipul ids (accounting for 1.04g in. 
the pool at Pacific Creek on July 14) and large stoneflies (accounting 
for almost .5g in the fast riffle at Pacific Creek on duly 30). A 
more consi-stent increase is found in the number of i·ndividuals through 
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the summer and fa 11. ~ f the numbers of i·nd iv i dua 1 s and b lomass of 
the two s t rec;uns are compared w t th the 'lfood g radeP of Davis (J 938) 
Pi lgri·m and Pacific Cre~ks are rich in numbers _(greater . than 2152 
organisms/m2) and poor in blomass (less than llg/m2}~ Compared to 
the numbers of organ i'sms Pennak . (1977) found i··n 20 Rocky Mountain trout 
streams, the creeks examined in thls study are densely populated. 
This discrepancy can be accounted for by the larger mesh size of the 
samplers used by Dr, Pennak (see Zelt and Clifr'ord, 1972). The biomass 
parameter is probably more indicative of the true condition of the 
streams bottom faunas, large numbers of small individuals havi·ng 1 ittle 
effect on the tot a 1 b i oma.ss, Tab 1 e 4 gives an ord ina 1 b reakdo.wn of 
the data presented in Table 3. From this the relative importance of 
each order can be figured. The most abundant orders are the Ephemeroptera, 
Trichoptera, Dipte~a~ and Plecoptera (see Figures 2 and 3). The 
Diptera at Pacific Creek in figure 2 is not totally indicative of the 
roll played by this order in the stream. Figure 3 shows large Dipteran 
biomasses for July 14 and August 9. In both cases the family Tipulidae 
was responsible for the weight increase. This is not to say that 
the family did not play a major role in the _stream (the genus Hexat6ma 
represented one of the largest Dipteran predators · 
and there were at least a· other genera fi ·ll ing different . roles in the 
trophic network), but a few individuals bias.ed the percentages markedly. 

The major trophic level in the streams (collector, collector-scraper, 
scraper) is comprised mainly by the Ephemeroptera and secondarily by 
the Diptera and Trichoptera, The mayfly families Baetidae (2 genera, 
5 species) Ephemerallidae (l genus ~ 7 Species), Heptageniidae (4 · 
genera, 6 species), Leptophlebiidae ~ genus, 3 species), and Siphlonur
idae (2 genera, 2 species) al l share this niche (although Siphlonurus 
occidentalis is sometimes an engulfer (Edmunds, 1960). The filterers 
are represented by the Trichopteran families Brachycentridae (2 
genera, 3 species) and Hydropsychidae (2 genera, 3 species) with the 
Dipteran family Simul iidae (1 genus, 2 species) forming the only other 
filtering organism. If the trophic levels were divided according 
to biomass this group would appear to play a larger role in the streams. 
The shredders in the stream are mainly Plecoptera in the families 
Pteronarcidae (2 genera, 2 species), Nemouridae (2 genera, 4 species), 
and Capniidae 1 species). Some of the Diptera in the family Tipulidae 
and Trichoptera in the family Lepidostomatidae (1 species) also occupy 
this trophic level. The actual biomass represented by this group is 
less than what is shown by divis ion acco~ding to taxa. This is. in 
juxtaposition to deciduous woodland streams in which this group 
plays a large role (Cummins, 1974). This group became prevalent in 
late August and September as would be expected with the increase of 
allocthonous material entering the streams. The streams predators 
(engulfers and piercers) ar~ accounted for with Plecoptera in the families 
Chloroperl idae, Perl idae · (2 genera, 2 species), and perlodidae 
(2 genera, 2 species). Th~ Diptera also contribute to this niche with 
members of the families Atheri~eridae (1 species}, Tipulidae, 
Dolichopodidae (2 genera ~ 2 spec i es) ~ Muscidae (2 genera, 2 species), 
Empididae (2 genera,- 2 species) ~ and Chi ronomidae. This trophic level 
also has the number of taxa outstripping the comparative biomass. 
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The O{pter~ appear to form the mq{n predators of pools .and slower 
moving area~ wlthi'n . the ~trea.m • . The Plecoptera assume . this role in 
the fast riffle and ~reas wlth swtfter current. The Plecoptera 
seemed to play a more s.fgnift'cant role ln Paclfic Creek (as can be 

· inferred from flgure .J) than i"n Pi lgrlm Creek, The Tipulldae and 
Chi·ronomidae formtng . the major pnidaters tn Pi_lgrlm Creek. The 
stonefly_.Hes·peroperla pacifi·ca w~s a s.i9ni·ficant engulfer i·n both 
streams, but most prevalent in Paciflc Creek9 A· large Perlid predator 
population can have a s.ignifi·cant effect ln r·educi_n·g the standing crop 
(Si·_egfried and Kn_ ight~ 1976). Gut analysis was precluded· because 

. of the need to keep whole specimens for biomass measurements. 
Subsequently ·all trophi"c level analysls was taken from . the followi_ng 
literature (Merritt qnd Cummins, 1978; · Gilp _in and Brusven, 1970; 
Muttkowski and Smi".th, 1929; Chapman and Demory, 1963; Edmunds, 1960). 

There were not enough samples taken · (14/stream) to make statistically 
significant statements about the spatial distribution of the insects 
(Resh, 1979). F'_igure S. generally reflects the composi"tion of the 
two streams microhabitats, .The Diptera were the most diverse and 
abundant order in .the pool areas of both streams. Members of the 
order could be found in all trophic levels except the filterer niche 
which was absent from the pools studied. The medium riffle had the 
greatest abundance and diversity of Ephemeroptera. This is a reflection 
of the dense _a_ggregation of epi 1 ithic periphyton and allocthonous 
organic material accumulated on the substrate in this area (see 
Rabeni and Minshall, 1977). The current excludes Dipterans without 
special adaptatlons for sticking to the substrate and the collector
scraper niche filled by the Ephemeroptera is left wide open. 

The faunal composition of the fast riffles in the two streams are 
different, as are their physical properties. The substrate is 
similar in both streams, as is the current velocity. But, the size 
of the fast riffle at Pilgrim Creek and the amount of water flowing 
through it is approximately half that of Pacific Creek. Pacific Creek 
supports a large population of Hesperoperla pacifica, Pteronarcella 
badia, several species of Chloroperlidae and some Pteronarcys californica. 
Pilgrim Creeks fast riffle Plecopteran community is quite reduced 
in comparing numbers of species and organisms. It seems as though 
the Trichopteran filterers Arctopsyche grandis and Hydropsyche spp. 
along with the Dipteran filterer abundance can partially be explained 
by ·the increased amount of organic bottom more so than Pacific Creek 
the fast riffle is preceded by a long stretch of low gradient stream 
with dense accumulation of "1 ithoph.yton" (see Pennak, 1977). In 
both streams the scouring action of the flow in the fast riffle cleaned 
most of the ep i li t.h i c per·i phyton from the rocks and only 1 arge pieces 
of detritus lodged between the rocks. 

Conclusion 

Pilgrim and Pacific Creeks are unpolluted fast-flowing Rocky Mountain 
trout streams. Both streams are characterized by approximately 2 
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months of extremely h. r~h discha.rge due to spring snowmelt, Subsequently 
the ins~ect fqunas have evolved mechan l s·ms to avoid . this high 1 y 
stressfull period of the year (~ee Good~ 1974), The spaies reduce 
the standi·ng crop markedly (~i.esfr{ed and Kn.ight1 1977; Anderson and 
Lemkuhl, 19681 .so that sprl .n~ bio.mas·s measurements are the lowest of 
the year. July through September is a period of recruitment aRd 
recolonization for ihe ben~hos, Autocthonous material is produced 
steadily in the post flood stage and appears to be .the invertebrates 
major energy source. This factor sets apart . these streams from 
deciduous woodland streams· which depend ori allocthonous material for 
energy (Fisher and Likens 1 1973}. The trophic structure of the stream 
i's markedly different from woodland streams, The shredders comprise 
an insignificant proportion of the biomass. The scraper-collector 
food niche is the largest and most diverse~ although most of the 
representatives are in the Ephemeroptera. Different microhabltats 
of the stream support specific groups of organisms, Pool areas with 
sand and gravel substrates contatn a diverse ensemble of Dipterans 
(excluding the filterers). Medium riffles with their large areas 
of epili·thic periphyton covered gravel and cobble support the 
Ephemeropterans in the scraper~collector trophic level. The fast 
riffles with boulders, cobble, and gravel harbor the most diverse 
and abundant arrays of insects in many orders. Genera 11 y it appeare·d 
as though the fast riffle supported the most species and contained 
the largest biomass, the pools next largest~ and the medium riffles 
the smallest. 
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PARASITES OF UNGULATES IN THE JACKSON HOLE AREA: 
SCARABAEOIP BEETLES ACTING ON LUNGWORM, 
DICTYOCAULUS hadwen i ,. LARVAE IN ELK FECES 

1979 

Robert C. Bergstrom 
Division of Microbiology and Veterinary Medicine 

Universi .ty of Wyoming 

The lungworm of elk, Dictyocaulus hadweni (syn: D. viviparus) has been 
noted in elk since the early 1900•s. 

It is interesting to note that a high percentage of the elk in Teton 
National Park are positive for lungworm in th.e spring. Fewer elk are 
infected as the summer and fall vegetation is usually sufficiently 
good to allow the elk an abundance of food and a resultant physiological 
condition that is excellent. 

Perhaps elk serum proteins .are somewhat low in the April-May period 
when the physiological "lown is reached by the elk . . The lack of 
immunoglobulins may, in part, explain the high prevalence of lungworm 
infections in elk of the Tetons during early spring months. 

Objectives 

The objectives of the present study are: 

1. Continue research of the prevalence of Dictyocaulus hadweni in 
·Teton elk during four · seasons of the year. (This ·must be dbne . to 
find worm-positive elk for the biological predation research.) The 
search has been extended to elk in Yellowstone National Park during 
the past two years and wi 11 ·be continued. 

2. Check, via fecal analyses, for larvae spring-summer and winter 
and by lung dissections (adult worms) and/or by fecal analyses 
during the fall for relati~e numbers of the parasite/elk. 

3. Experiment in the laboratory for the effect of Aphodius spp. Canthon 
sp. other Scarabaeoid beetles against 1st stage larvae of Dictyocaulus 
sp. 

4. Extend field observations to include the action of Aphodius spp. 
on Dectyocaulus larvae in or on elk feces. (This portion is very 
time consuming due to the fact that the investigator does not, 
beforehand, know which elk are positive for the worm.) 
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Procedures 

Fecal analyses were conducted by the use of a jet of water played over 
6-100 g of elk fecal pellets in a plastic petri dish. After the water 
had wetted the pellets, the larvae were allowed 10-20 minutes to move 
off the pellets. The pellets were again rinsed by a jet of water after 
which the pellets were removed from the dish by sterile forceps. 
Dictyocaulus larvae were counted in the sectioned petri dishes via 
dissecting scope at 45X. Prevalence (% of elk positive for lungworm 
larvae) and number of larvae were noted. 

During the fall hunting season, elk lungs were gathered by the 
Wyoming Game and Fish personnel, by the researcher, but primarily by · 
Teton Park rangers. Elk lungs were checked for the presence of adult 
Dictyocaulus worms by use of bandage scissors as pneumotomes in order 
to lay open all major bronchioles. With light cinfections, worms 
were found in the smaller bronchioles near the periphery of the lobes 
of the lungs while larger numbers of worms, larger bronchioles were 
partially or completely filled with worms up t~ and including the area 
of the main bifurcation of the trachea. 

Worms were collected, sexed, counted, and in some cases, fixed for 
preservation. 

Results 

Per cent of elk positive for Dictyocaulus sp. (presumably D. 
hadweni) was higher (80%) during the spring (late May) but lower 
(35%) during the summer of 1979 as compared to data of 1978. 

Percent of elk. positive for lungworm larvae in feces is shown 
in Fig. 1 with the highest prevalence, as usual, in late May. As 
in previous years, the prevalence of positive elk decreased as the 
summer progressed. Fall data (Oct.-Nov.), where lungs from hunter
killed elk can be checked for the weather has not favored hunter success. 

laboratory trials with Aphodius spp. beetles versus Dictyocaulus 
sp. larvae were carried out as in 1977 & 1978. 

The results, Table 1, show beetles, mostly A. vittatus individuals, 
were active in laboratory trials and apparently-decreased the numbers 
of Dictyocaulus sp. larvae by 50-100% within a relatively short 
period of time (4.5- 26 hours). 

During August, only 4 trials were attempted. One trial, where no 
beetles were noted on the feces, during the period of interaction, was 
not included in the summary, Table 1. 

Beetle species that were most active in August were A. coloradensis 
and Canthon sp. Those species (mostly A. coforadensis)were used in 
the lab. trials. 
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Discussion 

More elk moved onto the National Elk Refuge, Jackson, Wyo. during 
the winter of 1978-79 than during the previous two winters. That · 
increase in numbers of elk during a winter of relatively heavy snow 
fall may, in part, account for .the relatively large percentage of 
lungworm- infected e1k during .the spring of 1979~ . 

Since the estimate of prevalence of lungworm in elk via fecal 
analysis is conservative by 8-16% (Bergstr.om, 1968, unpublished), 
from 88-96% of the elk of both sexes were positive for lungworm during 
late May of 1979. This relatively high percenta~e of prevalence is a 
high, according to our results, for the last 11. years. 

It is also pos~ible that our technique for recovering larvae 
in 11 sprayed" fecal samples is improving to the point that we are riot 
as conservative in our estimates, via fecal analyses, as we were in 
1968. At any rate, most elk iri Teton National Park and the National 
Elk Refuge are carrying lungworms during May and early June. 

Physiological condition of the elk improved rapidly and markedly 
from June 1 to August 7 according to visual appraisal of the elk 
south of Signal Mt. Such field observations were made by the writer 
after crawling to within 30-50 yards of bedded and standing elk. 

Gibbon River elk are very easy to observe at 20-60 feet becaus~ 
that elk herd is sufficiently accustomed to human intrusion along 
the highway through their meadows. Warm fecal samples are easy to 
collect but are frequently dropped in moist grass and/or water on 
the soi·l so that fecal analyses may show a somewhat over conservative 
(low} estimate of lungworm-positive elk. 

Beetle action was effective, as in previous years, in removing 
lungworm larvae from elk feces. Laboratory trials apparently never 
duplicate the true efficiency of the beetles in the field where 
beetle activity, depending on ambient air and soil temperatures, 
is almost always several times greater than that noted in a laboratory 
trial. Fecal material is macerated by beetles even when only 1 
beetle is active per gram of fecal material. In the field a given 
quantity of elk fecal material is always macerated and spread over 
a much greater area and with resultant increased exposure to desication 
and solar exposure than one finds in the laboratory trials. Hence, 
it is assumed that all of our lab-trial results are conservative 
when assessing the efficiency of beetles as population decimating 
agents against Q. hadweni larvae~ 

Field work with the Gibbon River elk was conducted in cooperation 
with Dr. David Worley, Montana St. Univ., Bozeman. Dr. Worley noted 
a high prevalence of Dictyocaulus-positive elk, Gibbon Meadows 
during June-July, 1979. 
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Conclusions 

1. Most elk are positive for lungworms during May in . the Teton National 
Park. 

2. Numbers of elk wintering on the National Elk Refuge may affect 
the percentage of e 1 k pos l t i ve for 1 ungworm du r i·ng spring inon ths. 

3. Beetles are more active against Dictyocaulus sp. larvae in the 
field than in the labor~tory, 

Work Planned: 1980 

Attempt a survey of elk for Dictyocaulis-irifection along the Lamar 
River, in Northeastern Yellowstone National Park. 

Work in the field with Dr. Worley and/or with Yellowstone biologists 
in regard to possible internal parasites . that could be identified 
and numbers estimated from elk fecal analyses. 
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Objectives 

THE STATUS OF THE BALD EAGLE AND OSPREY IN 
GRAND TETON NATIONAL PARK, YELLOWSTONE 

NATIONAL PARK AND VICINITY 

Dr. Robert L. Eng, Professor of Wildlife 
Kurt L. Alt, Graduate Research Assistant 

Biology Department 
Montana State University 
Bozeman, Montana 59717 

Yellowstone National Park funded a research stu~y conducted by Jon 
Swenson from 1972 through 1974 on the ecology of the bald eagle 
(HaZiaeetus ZeucocephaZus) and osprey (J?andion haZiaetus). The present 
study was initiated to further the information on the ecology of the 
bald eagle and osprey in Grand Teton National Park and to obtain com
parative data to that obtained by Swenson from Yellowstone National Park. 

The objectives of this study were to provide baseline data on the life 
history (breeding chronology, nesting success and food h~~its) of these 
birds, to provide quantitative data on numbers and distribution of 
breeders and non-breeders, to determine productivity, to locate actual 
and potential nesting areas and to assess response to human activi.ties. 
In conjunction with this study, a nestling bald eagle banding project 
was also undertaken which covered eaglets produced from all known 
territories in the study area. 

Data on the bald eagle was gathered from Grand Teton National Park, 
Yellowstone National Park and vicinity (Beaverhead, Bridger-Teton and 
Gallatin National Forests, Red Rocks Refuge and various private lands). 
Osprey data were collected primarily from Grand Teton National Park, 
howev~r, information on osprey productivity was also accumulated from 
Yellowstone National Park. In addition a minimum amount of -information 
was collected from a small but ac t ive osprey population on Hebgen Lake. 

Procedures 

Seven aerial surveys (February 26, Apr i l 6, June 2 and 16, July 16 ·arid 
31, and Augu·st 18) were conducted during 1979. These surveys were 
flown in a 150-hp Super Cub piloted by James Stradley who has had 
approximately eight years of experience in locating eagle and osprey 
nests in this area. The purpose of the first flight was to determine 
the number, age structure and distribution of wintering bald eagles in 
the general study area and vicinity. The April flight provided data on 
territory occupancy by bald eagles and helped document nest initiation. 
The June 2 survey yielded information on osprey nest occupancy and 
provided data concerning bald eagle hatching dates and nesting chronol
o-gy. The fourth flight conducted June 16 estab 1 i shed the number of 
ne~tling bald eagles in each active nest and their approximate stage 
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of development. From these data the sequence of nestling banding was 
formulated in which priority was given to those most advanced in age 
and development. The purpose of the July 16 flight was to provide bald 
eagle productivity data and add to information regarding fledging dates. 
The July 31 aerial survey helped determine osprey production in Grand 
Teton National Park, however it was also important in determining 
approximate bald eagle fledging dates. The final flight (August 18) 
was funded by Yellowstone National Park and provided information con
cerning osprey production in Yellowstone (principally the Yellowstone 
Lake population). The two previous flights were also instrumental in 
compiling information on productivity of the Yellowstone Lake osprey 
population. 

Ground observations were instrumental in determining fledging dates and 
food habits of these two bird species. River ranger reports aided in 
obtaining approximate fledging dates for osprey in Grand Teton National 
Park. During the latter part of the summer, individual nest sites 
(both bald eagle and osprey) were visited to collect food remains and 
obtain nest site measurements. Bald eagle food items were collected in 
and around the nest and under obvious perches in the vicinity of the 
nest site. Nest trees were climbed with the expert help of George 
Montopoli and Keith Hadley (Grand Teton National Park climbing rangers). 
Tree density measurements were completed using a modification of the 
method used last year. The exact procedure and results will be presented 
and discussed in the final report. 

Results 

Locations of bald eagle territories in Grand Teton National Park, 
Yellowstone National Park and vicinity and osprey nests in Grand Teton 
National Park are shown in Figure 1. Bald eagle territories in Yellow
stone National Park, with the exception of one located on the upper 
Snake River, were taken from Swenson (1975). There are a minimum of 30 
bald eagle territories in the study area. Four are located in Grand 
Teton National Park, 15 within the boundaries of Yellowstone and 11 in 
the vicinity of both parks. A total of 25 osprey nest sites were 
observed within Grand Teton during 1979. Included in this total were 3 
nests which blew down before the 1979 breeding season began. One of 
these nests was rebu i 1 t in the same tree in · September. In addition there 
were 3 other nests located this year, however only 1 is suspected of 
being in a previously unknown nesting site. There are 4 nests not 
included in this total which are believed to be either alternate or 
frustration nests. 

Reproductive data for the bald eagle and osprey during 1979 are summarized 
in Tables 1 and 2 respectively. The reproductive terminology used in 
these tables is from Swenson•s (1975) modification of Postapalsky 1 s 
(1974) terminology describing raptor nest status and reproductive success. 
Bald eagle productivity (Table 1) based on active and occupied terri
tories (.84 and .78 respectively) are somewhat lower than the 1978 
figures (1. 18 and .91 respectively, Alt 1978). The productivity figures 
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-(Table 1) for Yellowstone National Park only, are .82 (active) and .75 
(occupied). When these are compared with those reported by Swenson 
(.39 active and .23 occupied) in Yellowstone during the years 1972-1974, 
it is evident that productivity has at least doubled since that time. 
Even though productivity has decreased since last year, the number of 
young fledged during 1979 (21, Table 1) increased by 1 over 1978 (20, 
Alt 1978) and the average brood size for 1979 (1.62, Table 1) also 
increased over that reported for 1978 (1.43, Alt 1978). Osprey produc
tivity figures for 1979 based on active and occupied nests are 1.31 and 
1.13 respectively (Table 2). When these are compared with corresponding 
figures for 1978 (.39 occupied and .44 active, Alt) it appears that 
productivity tripled over the previous year. The total number of young 
fledged (17, Table 2) during 1979 more than doubled over the 1978 total 
(7, Alt). The average brood size also substantially increased from 1.4 
in 1978 to 2.25 (Table 2) for 1979 . 

There were two cases of prefledging mortalities documented during the 
summer of 1979. In the first instance remains of a nestling in the 
Schwabacher bald eagle nest were found during the banding operation. 
The remains were entangled in monofilament fishing line, however it 
could not be positively determined if this was a cause of death. The 
age at death appeared to be between 5 and 6 weeks. In the second case 
one of the young from an osprey nest on Jackson Lake disappeared from 
the nest just prior to fledging. When the nest site was visited a large 
number of flight feathers, all incompletely developed, were discovered. 
Some of these showed evidence of predation (quill tips nipped off, several 
feathers still joined together). 

The eaglets in nests on the Snake River south of the junction with the 
Gros Ventre River fledged during the last week of June and first week of 
July. Those from the Red Rocks Refuge nest also fledged during this 
same period. Eaglets from nests on Hebgen Lake and the Madison River had 
first observed flights on the 18 and 19 of July respectively. The first 
noticed flight of the eaglet from the Schwabacher nest site in Grand Teton 
National Park was on July 24. The fledging date of the young from the 
Slide Lake nest are also considered to be near this same date. This con
clusion was bas~d on the similar relative ages of the eaglets from both 
nesti. Those young on Yellowstone Lake were the last to fledge making 
their first flights between July 31 and August 18. 

The first osprey to fledge this summer in Grand Teton National Park were 
from two di"fferent nests, one on the Snake River and one on Phelps Lake 
(JY Ranch). The young from these nests fledged sometime during the first 
week i~ August. Young from 3 nests on Jackson Lake fledged during the 
second week in August. The first observed flights of young from two 
other nests on the Snake River were on August 16 (Blacktail Ponds nest) 
and 19_ (Disney Channel nest). Three young from the osprey nest on Leigh 
Lake were the latest to fledge. Two had first observed flights on August 
26 and the third on August 30. 

A total of 25 bald eagles were observed during the winter (February 26) 
flight. Fourteen (3 immatures and ll adults) were observed along the 
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Yellowstone River. Five adult bald eagles were seen along the Snake 
River. An immature was seen on the Firehole River near its confluence 
with Nez Perce Creek. The remaining 5 bald eagles (1 immature and 4 
adults) were located along the Madison River. During this flight any 
open water had abundant waterfowl on it. All of the bald eagles observed 
during this survey were associated with open water and therefore also in 
close association with plentiful waterfowl. 

A total of 9 nestling bald eagles were banded during this initial season 
of banding. Due to the late arrival of our . endangered species permit 
we were unable to band 5 nestlings since we would have either risked 
injury to the bird by causing premature fledging or because they had 
already fledged. Two eagle nests containing 2· young each were not banded 
due to the land managers wishes and only 3 eaglets from two nests were 
totally inaccessible due to the deteriorated condition of the nest tree. 

Analysis of food items and assessing human disturbance is being conducted 
at this time and thus will be presented in the final report. 

Conclusions 

The decrease in bald eagle productivity from 1978 to 1979 (presented in 
the results) might not be significant, since the number of young fledged 
and brood size for 1979 increased over comparable values for 1978. In 
any event it is evident that bald eagle productivity during these two 
years (1978-1979) has at least doubled over productivity values Swenson 
calculated for 1972 ~ 1974. 

Continued osprey productivity similar to the low values exhibited during 
1978 could have led to a reduction in the population in Grand Teton 
National Park. However, due to the dramatic increase in osprey produc
tivity during 1979 this threat could have been minimized. It is important 
for this population to continue reproducing at levels comparable to this 
years values in order to maintain a healthy breeding adult osprey popula
tion iri Grand Teton National Park. 
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Table 1. Reproduction of bald eagles in Grand Teton National Park 
(GTNP), Yellowstone National ~ark (YNP) and vicinity-1979. 

Territories observed 
Occupied nests (A) 
Active nests (B) 
Successful nests (C) 
Young fledged (D)* 
Brood size (0/C) 
Productivity (occupied) (0/A) 
Productivity (active){D/B) 

GTNP 

4 
4 
3 
1 
1 
1 

.25 

.33 

YNP 

15 
12 
11 
5 
9 

1 ~ 8 
.75 
.82 

Vicinity 

11 
11 
11 
7 

11 
1. 57 
1 • 0 
1. 0 

*Young raised to an advanced stage of development. 

Total 

30 
27 
25 
13 
21 

1. 62. 
.78 
.84 

Table 2. Reproduction of osprey in Grand Teton National Park-1979. 

Lakes Rivers Total 

Nest sites observed 18 7 25 
Occupied nests (A) 10 . 5 15 
Active nests (B) 8 5 13 
Successful nests (C) 5 3 8 
Young fledged (D)* 9 8 17 
Brood size (0/C) 2 . 0 2.67 2.25 
Productivity · (occupied) (0/A) . 9 1. 6 1 . 13 
Productivity (active) (0/B) 1 • 13 1 • 6 1 • 31 

*Young raised to an advanced stage of development. 
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figure 1. 
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Map of bald eagle territories 
in Grand Teton National Park, 
Yellowstone National Park and 
vicinity and osprey nest sites 
in Grand Teton National Park. 
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Objectives 

A C0~1PARAT lVE STUDY OF MATING STRATEGIES 
IN TWO SPECIES OF PHILANTHUS 

(HYMENOPTERA: SPHECIDAE) 

Howard E. Evans 
Department of Zoology and Entomology 

Colorado State University 

In the majority of animals, most or all of both pre- and post-zygotic 
parental investment is contributed by the female of the species. · 
Thus, the females and their ability to invest in offspring represent 
a limited resource, which must be procu~ed by a male if ~e is tore
produce -successfully. It is on this basis that sexual selection 
theory predicts that there will be lntense competition among males 
for access to sexually receptiv~ females. 

This female-biased discrepancy in the degree of parental investment 
is highly evident in digger wasps of the family Apecidae. The fe-. 
male wasps construct a nest in soil, stock it with varying numbers 
of insect prey oM which the offspring feed and perform various be
haviors aimed at reducing parasitism of the brood. Males do not 
participate in these activities . Therefore, we should expect that 
male sphecid wasps will compete among themselves in some manner for 
access to females. The form of the mating strategy of maies should 
be correlated with such things as the spatial and temporal distribu
tion of receptive females, the number of times that individual fe
males mate and the degree and form of male-male competition. 

In 1975, my graduate students and I began a rather intensive study of 
male behavior, in the sphecid genus Philanthus, in an attempt to des
cribe and quantify behavioral variation within and among species and 
to determine the biological and ecological correlates of this varia
tion. This is relevant both to the comprehensive b~havioral study 
of Philanthine wasps which we have undertaken and to recent interest 
in theory concerning the evolution of mating strategies (e.g., Em·len 
and Oring, 1977; Alcock et ~·, 1979) 

The present report describes the progress we made in 1979 in the 
study of two species in Jackson Hole, Philanthus pulcher and 
Philanthus zebratus. Research done in 1977 and 1978 is not included 
here. 
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Methodology 

Most of the work to date has cons sted of focal animal samples of 
males marked individually or by s ze class. Males and females were 
measured to the nearest 0.01 mm and marked with one or · two spots of 
colored paint on the thorax. In additlon, ad lib samples of matings, 
male-male fights on territories and predations were made when possi
ble. 

Results 

Philanthus pulcher. We have studied the two nesting aggregations of 
this species which occur al~ng the Snake River near the bridge at 
Oxbow Bend in Grand Teton National Park. The nesting behavior of fe
males in the population was previously reported (Evans 1 1966). The 
aggregations are about 400 m apart. Males defend small territories 
(about 0.5 min diameter) at numerous points all along the stretch of 
river bank between the nesting areas and for short ~istance on either 
side of each. 

Unlike~- psyche (O'Neill, in press) and~· bicinctus (Gwynne, 1978) 
in which males are territorial within the nesting area and set up 
territories at about 1000, males of~· pulcher do not begin activity 
until about 1200. Since females do not leave the nesting area on 
foraging trips until this time, it appears that males are synchroniz
ing their activity with that of foraging females·. It is possible that 
the males are setting up territories in the females' foraging area. 
This will be investigated further. Observation of marked males has 
shown that at least some of the males do not remain associated with 
any one of the two aggregations of nests. 

Research during the 1979 field season concentrated on the character
istics of males which determine success in male-male aggressive inter
actions. Preliminary evidence from 1978 suggested that larger males 
won contests. Therefore we marked, measured (head width), and re
leased 263 males so that we could observe interactions between males 
of known size. Males in the population had a mean head width of 2.32 
mm (N=263), while females averaged 2.75mm (N=98) (Figure 1). 

Competition for territories is intense. At the peak of seasonal 
activity there were at most 50-60 territories associated with the two 
aggregations. These were contested for not only by the 263 males that 
were marked but also by many unmarked males. In 1979, individual 
territories were observed for 499 minutes. During this period the 
resident males interacted with 24 intruding conspecific males (mean-
2.88 interactions per hour). 

Contests between males may or may not include physical contact. Non
contact interactions consist of two males rapidly swirling about one 
another, 10-15 em above the territory. Ten percent of observed inter
actions of this type resulted in the intruder usurping possession of 
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the territory (N~2o). Contact interactions included butting,_ grap
pling and probably bttl_ng. Twenty-six percent of . these interactions 
ended with the intruder usupi~g the territory (N~31). 

Size (or something associated with i t) was indeed the .characteristic 
of males that de.termided success in contests ()"able 1). Only two of 
the forty-seven contests in which . the males were of different size re
sulted in the smaller male winning. In these tw6 cases. the winner 
was in the next smaller size class. Thus, - there is a strong correla
tion (rank correlation coefficient::;0.90) between male size and percent 
contests won (Figure 2; this includes . interactions in which -the size 
of only male wa-s known; N~120). 

Matings occurred when females flew upwind and landed in the terri
tories. The female is probably attracted by a pheromone _deposited 
on the territory by the male. Males were collected for chemical 
analysis of gland contents. Dr. Justin 0. Schmidt of the Univer
sity of Georgia is now attempting to determine the identity of the 
sex pheromone. If it is identified, fie 1 d b i oassays will be con
ducted next summer. 

Philanthus zebratus. We originally reported that males in the Jack
son Hole population of thi~ species swarmed above the ne~ting area, 
intercepting females as they flew to and from nests {Evans and 
O'Neill, 1978). Since then we have found that there are also 
territorial males in the populat ion . Last year eleven territories 
were found. 

Males on territories and"high flying" males were generally of 
different sizes. Territorial males averaged 3.0 mm in head width 
(range 2.3-3.3 mm; N=23). No single male was observed to 
undertake both strategies. Thus , it appears that there are not only 
alternative mating strategies between populations of this species 
but also within the population at Jackson Hole. 

Behavior of territorial males is apparent·ly identical to that dis
played by males of this species observed in southern Colorado 
(O'Neill and Evans, unpublished). There is competition for the 
available sites and the size of the male determines his success in 
aggress1ve contests. 

Conclusions 

Although this study is incomplete, several conclusions can be made at 
this point. In both f. pulcher and t· zebratus there is intense 
competition among territorial males. Larger males in the population 
have the advantage in aggressive interactions. In the Great Sand 
Dunes populati6n of P. zebratus we have found that the mean size of 
males which hold territories is higher than the mean for the general 
population. Both species in Jac~son Hole will be tested fo~ this 
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next year. At this point, it also appears the males synchronize 
thei'r activity period with that of females, 

When the project is completed 1 comparison between populations and 
species of Philanthus should allow us to determine what aspects of 
female biology are relevant to the evolutton of male mateing strate
gies and to analyze the effects of male-male competition on male 
success. We a 1 so hope to make the first deta i1 ed ana 1 ys is of the 
use of a sex pheromone in digger wasps, 
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Table 1 . The re 1 at i ve size of winners of territorial contests in 
Philanthus pulcher. 

Relative Size of Winner 
Result of Interaction Larger Same Sma 11 er 

Resident Won 39 2 0 

Intruder Won 6 2 2 

Total 45 4 2 

Percent of Total 88.2 ].8 4.0 
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MUSHROOMS OF GRAND TETON NATIONAL PARK 

KENT H. McKNIGHT 

Plant Protection Institute, Agricultural Research 

Objectives 

U. S. Department of Agriculture 
Beltsville, Maryland 20705 

The objective is an inventory of the11mushrooms'' to be found in Grand 
Teton National Park. 

The study includes all macromycetes of fungi with macroscopic or large, 
conspicuous fruiting bodies. Most are fleshy or woody Ascomycetes ~r 
Basidiomycetes but some are classified in othe~ major taxa. 

Although there are n6 published floristic studies of the fungi of this 
area occasional and sporadic records of· collections from the Tetons or 
Yellowstone are published, including type collections of at · least two 
new species: Cortinarius ashii McKn ight & Dublin (1975) and Lactarius 
gossypinus Hesler&_ Smith (1979). An interim report listing 131 species 
was submitted as a contribution to the University of Wyoming-National 
Park Service Annual Report for 1978 (McKnight, 1978). 

Methods 

During the 24-day period from June 5-29, 1979, collecting excursions 
were made on 15 days. Most of the collecting trips were within Jackson 
Hole, but inasmuch as fungi do not respect political boundaries some 
forays extended into adjacent areas. 

Field notes and habitat photographs were made where applicable before 
co]l~ctions were brought to the laboratory for further study, identi
fication, illustration and description. Fully mature specimens were 
dried preparatory to processing for the herbarium. Immature specimens 
were held in moist chambers until spores matured whenever feasible. 
Dried specimens are deposited at the herbarium of the National Fungus 
Collections (BPI), Beltsville, Maryland. 

Results 

The almost total lack of rainfall during the month of June produced very 
few mushrooms. A total of 237 collections were recorded, most of which 
were relatively small and inconspicuous wood-rotting fungi fruiting 
around melting snowbanks. Many are replicate collections of the same 
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species and an unusually high percentage could not be identified immedi
ately. Of those identified to date, and including a few from previous 
seasons' collections, the 35 species below are added to those listed in 
the 1978 report: 

Agaricus campestris L. ex Fr. 
Agaricus subrutilescens (Kauff.) Hots. & Stuntz 
Agrocybe acericola (Pk.) Sing. 
Armillaria ponderosa (Pk.) ~ace. 
Armillaria zelleri Stuntz & A. H. Smith 
Armillaria albolonaripes Atk. 
Caloscypha fulgens (Pers. ex Fr.) Boud. · 
Calvata cyathiformis (Bose) Morg. 
Calvata subcretacea Zeller 
Calvatia booniana A. H. Smith 
Cheilymenia stercoria (Pers. ex Fr.) Boud. 
Clavariodelphus truncatus (Quel.) Donk 
Clavulina cristata (Fr.) Schroet. 
Clitocybe coniferophila Sigel. 
Clitocybe mutabilis Sigel. 
Clitocybe nuda (Fr.) Segel. & A. H. Smith 
Clitocybe robusta Pk. 
Clitocybe straitula (Kuhner) Orton 
Clitocybe pseudoirina Bigel. & A. H. Smith 
Dacrymyces deliquescens (Merat) Duby 
Dasyscyphus virgineus (Fr.) Fuckel 
Descina perlate (Fr.). Fr. 
Fornes pini (Thore ex Fr.) 
Gyromitra gigas (Krombh.) Quel. 
Hygrophorus subalpinus A. H. Smith 
lodophanus carneus (Pers.) Korf 
Lachnellula agassizii (Berk. & Curt.) Dennis 
Lentinellus montanus 0. K. Miller 
Lyophyllum montanum A. H. Smith 
Mycena overholtsii A. H. Smith & Solheim 
Peziza phaeotheca McKnight & Dublin 
Pholiota highlandensis (Pk.) A. H. Smith & Hesl. 
Plectania nannfeldtii Korf 
Pseudocollema cartilagineum Kan. & A. H. Smith 
Tricholoma myomyces (Pers.) Lange 

Conclusions 

Snowbanks remaining very late in the season in the "Pothole" region of 
the Park provided an unusual opportunity to study snowbank fungi in the 
sagebrush zone. This was much more prodGctive than expected. In this 
and previous seasons' work the earliest collections were made in the 
first week of June. Collections in May and possibly April during at 
least one wet and productive season will be needed to get~ reliable 
sample of the early spring flora. 
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MICROSEISMIC MONITORING OF JACKSON HOLE, WYOMING 
10 July - 5 October, 1979 

Chuck Meeder 
U.S. Water and Power Resources Servlce 

Engineering and Research Center 
P.O. Box 25007, DFC 
Denver, CO 80225 

As part of the Safety of Dams Program for Jackson Lake Dam, 
the Service operated an array ot flve seismograph stations 
in the vicinity of Jackson Lake Dam for a period of 
87 days. Approximately 110 microearthquakes were recorded 
in the Jackson Hole area and epicenters were determined using 
HYPO 71 (Lee and Lahr, 1975). Data from stations DCI and 
TMI are being incorporated into the Service 1 s data set to 
provide better location accuracy for events west and south 
of the network; events in the Teton Range and southern 
Jackson Hole, respectively. The majority .of the epicenters 
are 5-25 miles east of the Teton Range front in the Mt. Leidy 
Highlands. The spatial distribution of epicenters in 
this area is apparently random. However, this area is 
outside the limits of the seismograph array and the apparent 
randomness may be a result of poor location accuracy. However, 
similar monitoring carried out previously by the University of 
Utah, yielded comparable results. Only eight epicenters fall 
withts 1 mile of the surface trace of the Teton fault, a 
relatively low number of events for such a major youthful 
structure. Six epicenters were located near the mouth of 
Arizona Creek where Behrendt and others (1968) have postulated 
a north-northwest trending branch of the Teton fault from 
gravity and seismic refraction data. From this study alone 
no coherent pattern of seismicity can be determined for Jackson 
Hole. 
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Objectives 

BIOLOGY AND REPRODUCTIVE BEHAVIOUR 
~F C~PHODERRIS STREPITANS 

1 G. K. Morr i s2 
D.T. Gwynne 

1 Erindal~ College, University of Toronto 
University of New Mexico 

Cyphoderris is a primitive orthoptera~ genus, a relict of the family 
Haglidae. This family is known almost exclusively from fossil remains 
(Sharov, 1968). · Only one other recent genus exists 1 Prophalangopsis, 
based upon a single specimen collected in Asia before the turn of the 
century (Zeune~, 1939). 

Grand Teton National Park harbours several _populations of Cyphoderris 
strepitans (Morris and Gwynne, 1978). This species is abundant in 
sagebrush flats of the Snake River watershed and a population near 
Pacific Creek was the main focus of our studies last year. It is 
also found in Yellowstone Park at much higher elevations: in June 
1979 we located and worked with a population on the lower slopes of 
Mt, Washburn. Males perch at night upon the sagebrush or other plants 
and produce a sustained calling song to which the females are attracted. 

The haglids gave rise to the ancestors of modern katydids and crickets 
(Zeuner 1939, Sharov 1968), groups known for their elaborate acoustical 
signals. Cyphoderris is important because it shows us the behavioural 
lineage of cricket/katydid sound signals. It is also of interest because 
the mating habits of this peculiar· insect a11ow field determination 
of a male's recent sexual experience. The fleshy metathoracic wings 
of the male, useless in flight, as are the sound-generating forewings, 
are adapted for consumption by the female during copulation. Unmated 
(virgin) males have intact hind wings; non-virgins are revealed by their 
damaged hind wings and the proportion consumed indicates the probable 
number of matings achieved by a male. Thus it is possible to mark 
and recapture individual males over successive nights and to record 
for each his mating success. 

Discrimination between potential mates by females is theor~tically 
widespread in animals, though actual field-based data are scanty. 
Theories of sexual selection hold that females, by responding positively 
to certain male features, have ritualized these features into signals. 
Thus an acoustic display such as the calling song of a Cyphoderris 
male could incorporate cues which are predictors of mate quality. 
Our general purpose in this study is 1) to determine whether mate 
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discrimination occurs and if so, 2) what cues, acoustic or non
acousti-c, function in expresslons of mate preference by females. 

Last season (1979) we discovered .that a discriroinatfon by females 
between males as potential mates does occur: in the early part of the 
mating season females prefer to mate with virgin rather th~n non
virgin males, presumab)y because previously mated males are less likely 
to provide a fully-formed spermatophylax ••. a nutrient food gift 
which accompanies the rna 1 e ,. s sperm ampu 11 ae and is consume.d by the 
female after mating. 

Methods and Results 

Singers were captured in 1979 by localizing and approaching the 
source of their calling song untn . the animal was actually viewed. . . 
Initial and subsequent capture locations were marked by small stakes 
bearing the individual's specimen number and the date of each capture. 
Each night's search was begun in staked areas, then extended into 
new contiguous habitat once all singers near previous stakes had been 
investigated. An attempt was made to scan staked areas several 
times during each night. 

At each capture the following information was recorded: date and 
time, perch plant, height ~f the singer above the ground, orientation 
of the singer (head up or down)~ and the distance to his previous 
perches (usually the original stake). His current location was then 
staked and the insect brought to a central location. Here a micro
scope was used to view the tegmina and wings. Pronotum midline length 
was measured with an eyepiece reticle, tegminal overlap (which 
varies in Cyphoderris) recorder, drawings made of wing feeding damage 
and the state of the wing wounds noted as new or old. At this point 
a first capture specimen would be marked on the pronotum with 
coloured enamel paint to permit individual identification. The 
last step was to weigh the male and return him to his perch of the 
night. 

At the Pacific Creek site over the interval May 31 to June 16, 10 
matings were detected among 39 virgin males; at Mt. Washburn (June 
20, 21 & 24) 9 were' detected among 21 . Combining the two sites, 50 
virgin males were detected in 19 matings. These figures are based 
upon males either discovered initially with freshly wounded wings, 
the extent of wing damage indicating a single mating, or marked 
initially as virgins, subsequently relocated, and by the evidence 
of their chewed wings found to have mated. Recapture success varied 
greatly between individuals; many marked insects presumably mated 
but were not retaken. 

At Pacific Creek during the same time period only 1 mating was discovered 
among 22 non-virgin males and at Mt. Washburn only 1 among 13. 
Combining the two sites, 32 non-virgin males were detected in just 
2 matings. These figures incorporate individuals, marked originally 
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as virgins, that subsequeritly joined the non-virgin ranks by mating. 
If a male was captured with freshly wounded wings indicating one mating 
he represented a virgin mating and would not be classified as a 
non-virgin until the next relocation. 

The detected mating success among our marked virgin males was 38%. 
This contrasts strongly with a ~on-virgin success of only 6% and suggests 
that females may b~ actively preferring virgins over non-virgins . . To 
draw the conclusion that females discriminate against non-virgins as 
mates we must assure ourselves that 1) both singer types are equally 
·likely to become part of our records · i~e. there is nothing about virgin 
males that makes them. easier or harder to relocate than non-virgins 
and 2) that the basis of the observed ·di-fference in mating success 
is not merely a ~eflection of· greater numbers of virgini than 
non-virgins within the singing population. 

An estimate of the relative .abundance of virgin and non-virgin males 
can be obtained from the records of our marked population. There were 
14 nights -during the study i~terval at Pacific Creek when the weather 
pe~mitted singing activity. Over the first~ nights (May 31-June 3) 
and using only first-time captures, 7 males were marked as virgins, 
10 as non-virgin. Two individuals mated and joined the non-virgin 
ranks as first-time captured non-virgins. These figures estimate 1.7 
non-virgin$ for each virgin male. There were in fact more non-virgins 
th~n virgins available as mates early in the study interval. This 
would no-t lead us to predict an ·imbalance in mating success in favour 
of virgins. 

Are both singer types equally 1 ikely to contribute to our records? 
On average at Pacific Creek a marked virgin male was located 3.2 
times, a non-virgin 3.7 times. The frequency of finding marked indivi
duals on successive nights was about the same for both singer types. 
This result supports the claim that virgins and non-virgins do not 
differ in any ·factor relating to their capture be acoustic stalking 
(e.g. singing incidence, sedentariness) that would bias the like
lihood of relocation. 

Simple comp~rison of the number of individuals, virgin or non-virgin, 
that successfully mated ignores much of the information in the recapture 
records. Some males were retaken several times over intervals of many 
days. If a male's wings retain their preveiously observed state 
then it is possible to infer a number of intervening unsusccessful 
singing nights without having actually relocated the individual 
on each night. Nights on which bad weather prevented singing activity 
can be deleted. ·If females prefer virgin males over non-virgins 
as mates, then the average number of nights of singing invested 
without mating success should be less for virgins than for non-virgins. 

At Pacific Creek 14 non-virgin males accumulated 58 nights of unsuccess
ful] singing; 14 virgin males accumulated only 33 nights. Mean number 
of observed unsuccessful singing nights by non-virgins was 4.2, by 
birgins it was 2.4. Two males · each went 10 nights as non-virgins 

-45-



without succeeding in mating; one non-virgin male was still unsuccessful 
after 12 nights. The greatest number of unsuccessful singing ni"ghts 
tallied by a virgin ~as 5. Early in the season virgin ~al~s seem to 
be preferred as mates. 

Virgin males of Cyphoderris strepitans at the Pacific Creek study 
site showed an averabe body weight (first captures only) of 701 
mgm (n=25). Non-virgins from the same site, individuals whose wings 
indicated mating a~tivity within 24 h of capture (n=8), had an 
average body weight of 629 mgm. A Student's tone-tailed test shows 
this difference to be significant at the 1% level. Thus the body 
weight of males reflects their mating activity up to 24 h af~erward. 

The foregoing represents only a partial assessment of the data gathered 
in 1979. Information yet to be analysed concerns the movement of 
marked males within the habitat, the height of singing perches above 
the ground (averaging about 30 em on th.e sagebrush at Pacific Creek), 
body orientation ot singers (uniformly head downward), tegmina] overlap 
variation, and some indication of a small day by day weight loss 
that seems related to high dayti~e soil temperatures. In addition 
a considerable insight was achieved into f. strepitans' feeding habits. 
Nymphs feed on Purshia tridentata (bitterbrush) and on a gall caused 

' by insects and occurring commonly on sagebrush. · 
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EFFECTS OF ENVIRONMENTAL VARIABLES ON SOME PH~SIOLOGICAL 
RESPONSES OF MICROTUS MONTANUS UNDER NATURAL 

CONDIT tONS. 

Objectives 

Aelita J. Pinter 
Department of Biological Sciences 

University of .New Orleans 

I ·J 

/ 

Several microtine species exhibit multiannual fluctuations in population 
density. These fluctuations have been described as 
occurring with sufficient regularity to be called 11cycles 11

• This 
phenomenon has been known since anitquity. However, despite the 
extensive work that has dealt with this problem. the facts underlying 
these fluctuations remain largely unknown. 

Preliminary field observations of populations of montane voles 
(Microtus montanus) in Grand Teton National Park were made in 1961, 
and from 1966 through 1968 (Pinter, unpublished observations). At 
about the same time laboratory studies began to reveal the remarkable 
sensitivity of the reproductive system of these rodents to 
environmental variables. However, little was known to what degree 
environmental factors and reproductive responses of these rodents 
contributed to the cyclicity of their population density. Consequently, 
in 1969 a long term study was initiated. The purpose of the study was 
essentially fourfold. First, to characterize the environmental 
variables that might affect Microtus in different seasons of the year. 
Second, to record the growth, maturation and reproductive activity of 
Microtus montanus under natural conditions. Third, to determine the 
maturational as well as the seasonal pelage changes of these rodents. 
Fourth, the data resulting from the. excution of the first three 
objectives would be correlated in an attempt to determine the causes 
underlying the multiannual fluctuations in population density of these 
microtine rodents. 

Methods 

Microtus montanus were livetrapped and sacrificed as soon as possible 
after capture. Age estimation for all animals was based on weight, 
total length, and pelage characteristics. Reproductive organs, the 
spleen 1 and the adrenal glands were collected from the animals and 
preserved in Lillie's ~uffered neutral formalin for further 
histological study. Flat skins were prepared from all animals. All 
tissues are currently being processed at the Department of Biological 
Sciences, University of New Orleans. 
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In 1979 field observations in Grand Teton National Park were carried 
out over two study periods : spring (24-30 May) and summer 12 July 
- 13August). 

Results 

In 1979 spring meltoff in the study area took place approximately a 
week earlier than in 1978. It is interesting that breeding also 
commenced earlier in 1979 - duri'ng the fi rs.t and second week in May. 
The mean litter size (5.8) was among the highest of the litter sizes 
recorded for this population in May. There was no evidence that 
breeding had taken place during the winter: all Microtus trapped 
were adults, and all females were pregnant with their first litter. 

The summer of 1979 was exceptionally dry. The soil was parched. All 
herbaceous vegetation was very short, dry and brittle. Voles were 
apparently feeding extensively on Equisetum, a phenomenon usually not 
observed until August when timothy and bluegrass begin to fruit and 
dry. 

The effects of this dr~ught were reflected in the reproductive 
performance of the animals. Mean litter size for subadult females was 
4.5, for adult females 5.0. The mean litter size for subadult females 
approaches the lowest ever recorded for this population. The mean 
litter size for the adults coincides with the lowest value recorded 
previously (1971 and 1974) in this study. Furthermore, resorption of 
embryos was found in subadult as well ·as in adult females. In all 
cases the embryo being resorbed was one of a potential litter of five. 
Consequently, the resorption of an embryo could not be correlated with 
an excessively high litter size or with the age or parity of the 
female. 

Population density had increased above that recorded for 1978. This 
increase marked the end of the continuous decline in population density 
that had occurred-unexpectedly- over two consecutive years (1976-77, 
and 1977-78). The increase in population density might be attributable, 
in part, to the early onset of breeding in 1979. Furthermore, the 
spring breeding ~eason appeared to be highly successful - every one of 
the females trapped was reproductively active (pregnant or lactating). 
Also, as stated above, the litter sizes observed in the spring ·of 1979 
approached the highest litter size ever observed for the spring 
breeding effort. These circumstances (early widespread breeding, high 
litter sizes) contributed to the 1979 population not only a large 
number of animals, but also a large number of breeders. Consequently, 
in spite of the impaired reproductive success in the summer, the 
breeding population was large enough to effect a dramatic increase in 
population density. 

-48-



-Cone 1 us ions 

A continuous two-year decline in population density of Microtus was 
reversed fn 1979. Early and widespread spring breeding contributed to 
the bu i 1 dup in numbers of vo 1 es in the northern end o . .f Jackson Ho 1 e. 
It is expected that an increase in population density will continue 
in 1980. At the present it appears that the timing in the onset of 
spring breeding is one of the most influential fa.ctors determining the 
trends in population dynamics of these rodents in a given year. 
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Objectives 

ELK-CATTLE INTERACTIONS 
IN CALVING AREAS 

John R~ Sauer and Mark S. Boyce 
Department of Zoology and Physiology 

University of Wyoming · 

Elk (Cervus canadensis nelsoni) in northwestern Wyoming tend to calve 
in open sagebrush habitats. In Jackson Hole the poriion of Grand Teton 
National Park east of Elk Ranch Reservoir has been described as a 
traditional calving ground for elk (Anderson 1958). Cattle are grazed 
in th.is area starting June 1, at the peak of the elk calving period. 
In May 1978 a study was begun to determine if the cattle and associated 
human disturbances had a detrimental effect on the elk. Elk use of 
the area was found to significatly decrease after the cattle entered 
the area. (Boyce and Sauer 1979). Field work this .year was designed 
to substantiate the conclusions from last year's observations and 
provide more information on how the elk respond to the presence of 
cattle on their preferred calving habitat. 

Methods 

An 8km transect was walked starting at dawn through the study area 
east of Elk Ranch Reservoir. For each group of elk that was observed, 
data were co11ected on total number of elk, sex and age of individuals, 
vegetation type, visibility, individual distances and activities when 
first observed. These morning censuses began on May 20 and continued 
through June 12. Observations were made .throughout the day to determine 
variation in habitat use on a daily basis. 

The hypothesis that the number of elk in the study area (as determined 
by the morning census) decreased significantly after cattle were intro
daced was tested using a t-test. The other observed attributes (habitat 
use, activity, etc.) will be stratified .as to time of day and also tested 
to see if the introduction of cattle to the calving area significantly 
changed the behavior of the elk. 

Results 

Total elk numbers within the study area d~creased significantly (p<.01) 
after the cattle were introduced. Disturbances in Teton National Forest 
on June 11 and 12 caused the elk to flood back into the study area. 
These two days were eliminated from the analysis. Data on elk habitat 
use, individual distance, acti~ity and visibility are currently being 
placed in a format for statistical analysis. Inspection of the data 

-51-



indicate, however, that the presence of cattle does not have a great 
effect on these variables. Tenatively then, it appears that the presence 
of cattle in the calving area significantly decreases the number of elk 
in the area, but the remaining elk do not modify their behavior in 
response to the cattle. 

Discussion 

Field observations from both 1978 and 1979 indicate that elk use of 
preferred calving habitat significantly decreases when cattle are 
introduced into the area. The elk that remain on the calving grounds 
after the cattle are introduced do not seem to change their behavior 
in response to the presence of the cattle. These elk; however, are 
subject to increased human disturbance associated with the cattle. 

Exclusion of the elk from calving grounds during the calving period 
could force them to calve in s~b~optimal habiiat, possibly causing 
increased stress on the calves and making them more visible and · 
vulnerable _to predation by black bears (Ursus americanus) and coyote 
(Canis latrans) (Schlegel 1976). Increased disturbance of cow elk by 
cattle and associated human activity cause the el·k to be flushed more 
frequently than undisturbed elk, and calves that are too young to run 
with the cows are ·left hidden in the sagebrush (Pets. obs.). These 
calves have a higher probability of either being preyed on by the 
abundant coyote population in the area or of being deserted by their 
dams than do calves whose ·dams are nearby (McCullough 1969). Increased 
frequency of calf desertion when the dams are disturbed has been demon
strated for white tailed deer (Odocoileus virginianus) by White et ~ 
(1972). 

It is difficult to determine whether the noted decrease in elk numbers 
is due to the cattle and not to some phenological or behavorial 
characteristic of the elk. However, the increase in the number of 
elk on June 11 and 12 in response to human disturbance in the adjacent 
national forest lands indicate that elk were present in the surrounding 
area. The decrease in elk use is therefore probably not an artifact 
of the migratory patterns of the elk. The elk were still present, but 
were not using the area. 
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Objectives 

POPULATION STUDY OF CANADA GEESE 
OF JACKSON HOLE 

Samuel I. Zeveloff 
Department of Zoology and Physiology 

University of Wyoming 
Laramie, Wyoming 82071 

Although the number of Canada geese (Branta canadensis) in the United 
States has nearly doubled between 1955 and 1974, Pacific Flyway popula
tions declined 10 percent (Bellrose, 1976). The decline's causes are 
not obvious and it may be important to deter~ine the relative role of 
the individual populations in these dynamics. During earlier work, 
Dimmick (1968) concluded that the. 1964 breeding population of Canada 
geese in Jackson Hole was stabilized at approximately 300 pairs with 
40-47 percent consisting of breeding pairs. In order to determine how 
dramatic land use changes in this ~rea may have affected the geese, 
this study compares current conditions and the resulting population 
status with those of the late 1940's (Craighead and Craighead, 1949) 
and the early 1960's. Specific objectives of the study are: 

1) To conduct a physical inventory of Snake River drainages 
in Jackson Hole to determine seasonal distribution, size, 
and productivity of the Canada geese; 

2) Identify and evaluate factors influencing goose habitat 
and productivity; and 

3) Formulate management plans for habitat protection and 
maintenance of optimal goose productivity. 

Methods 

Intensive surveys of the Snake River drainage in Wyoming are being con
ducted seasonally to determine numbers and distribution of geese. 
Aerial censuses are being conducted with the Wyoming Game and Fish 
Department. Searches for nests near observed singles or pairs commenced 
in early March, 1979, to establish numbers of geese engaged in breeding 
compared to those only exhibiting displays. Qualitative and quantita
tive measurements of abiotic and biotic parameters were made to deter
mine preferred nesting conditions. Eggs have been collected and ana
lyzed by florisil column chromatography for chlorinated hydrocarbons 
and atomic absorbtion spectroscopy for lead by the Wyoming Department 
of Agriculture. 
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Effects of major land use changes on historical Canada goose habitat 
will be determined, especially through the use of comparative aerial 
and satellite photography. lnflue~ces exerted -by the increase in 
human populations ~nd the corresponding upsurge in recreational activi
ties in the waterways will be assessed. 

Results 

Winter activity of Canada geese in Jackson Hole was minimal in early 
1979 ~ Various persons r~ported that small groups of geese were winter
ing on Blacktail Ponds, : on the oxbow in th~ u~per Snake ~ River near Moran, 
and in the Huckleberry Hot Springs. In late January, I searched for 
geese in all areas except the last and · non~ · were found. 

The first evidence of pa1r1ng of Canada geese was on March 14 along the 
Spring Creek drainage of th.e Snake River. Within a day, additional 
pairs were observe.d in other locations south of Jackson and on . the 
National Elk Refuge. Aerial surveys revealed that a total of 405 Canada 
~eese had moved ·into Jackson Hole by April 29; this population included 
pairs, females on nests, single males, and groups. The breeding group 
was composed of 84 pairs an·d one fema 1 e on. a nest; 38 pairs we.re. ob
served on a more intensively studied section south of Moose. 

Although an early nest building attempt i·n the snow was noted on March 
29, ~ctual nesting first occu~red on about April 12 on the National Elk 
Refuge (J. Wilbr.echt, personal communication). Between April 19 and 
Mai 7, 17 Canada goose nests were located south of Moose indicating 
that 45 percent ~f the pairs were engaged in breeding. An additi~nal 
5 nests were found atop haystacks ~n ranches in the Buffalo River valley. 

Hatching was first recorded in early May since goslings were first ob
served on May 7 near CabiQ Creek, the southernmost part of the study area. 
Thirteen more pairs, 8 with goslings, were spotted during the first two 
weeks in June along the Snake· River between Moran Junction and Moose. 
Other gosling counts were only obtained for the two broods near Cabin 
Creek. If thes~ broods ar~ included with the counts of eggs at each 
nest, the mean clutch size of Canada geese i.n Jackson H~le in 1979 was 
5.05. Other characteristics of the eggs and nests are summarized in 
Table 1. 

Areas supporting large numbers of molting, feeding, and/or resting 
Canada .geese have recently been described (Zeveloff, 1978). On~ of 
these, · the Southeast Arm of Yellowstone Lake was revisited in late June, 
1979 and approximately 700 geese were observed; a slightly higher con~ 
centration than the 400-600 noted a year earlier. ~ith coop~ration from 
Yellowstone National Park and the assistance of ·the Wyoming ·Game and Fish 
Department , 560 geese were banded there to obtain a clearer picture of 
goose movements. from Jackson Hole and Yellowstone Lake .to wintering . 
grourids. Dimmick _ (1968) argued that much .of the Jackson Hole population 
mo]ts in the vicinity of Yellowstone and Turbid Lakes. 
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A small sample of Canada goose eggs from northwestern ahd central Wyoming 
had· a mean tot a 1 weight of 14 7. 77g. (N= l 0) and . a mean eggsh_e 1 ·1 weight of 
17.55g. (N=7)·. Of 7 eggs analyzed, only 1 from 6cean Lake contained -
the minimum detectabl~ amount of 0.2 parts per mill ion of lead. In 
3 eggs from the Bear River near Cokesville, the mean level of toxaphene 
was 3.04 parts per mi 11 ion (s.d.=0.34). Unfortunately, toxaphene tends 
to mask the presence of similar compounds. 

I have determined that it is feasible to map Canada goose habitat in 
Jackson Hole with remote sens1ng imagery. The Dep~rtment of Geology 
at the University of Wyoming ~ithei has the necessary imagery or ~ccess 
to information for the same. 

An indexed source of references: "A Bibliography of the Canada goose 
(Branta canadensis)•• is near completion. Thus far, it contai~s over 
800 citations on the various aspects of this species• life history 
printed since 1850. 

Discussion 

Although access problems and cold weather prevented our finding 
Canad·a geese in 1 ate January, they have been observed on the Snake River 
throu~hout previous winters (Craighead and Craighead, 1949; Dimmick, 
1968"). It is possible that most of the geese did leave the v·alley 
though, since this pas~ winter was extiemely severe. For the first 
time in recent years, a large section of the Snake River had ice complete
ly extended over its . wiJt~ (J. Erickson, personal communication). The 
geese are separated into two spatially isolated flocks in the winter and 

. only a few would remain for its duration in any event (Dimmick, 1968). 

Despite the severity of the winter, I still observed a nest building 
attempt in mid March; Dimmick (1968) found nest site selection diJ not 
begin until late March. This early attempt appeared to be headed 
towards failure because of its placement in snow and the presence of 
crows (Corvus brachyrhynchos) inspecting a nearby moose (Alces alces) 
carcass. Normally, nest initiation coincides with the disappearance of 
snow from nesting areas (Dimmick, 1968) and this was evident in late 
April and early May. Nesting commenced towards the end of April, about 
1 week later than the latest nest initiation period that Dimmick ob
served and a few days after the laying peak found by the Craighead's 
(1949). The period during which I (irst noticed goslings and the mean 
clutch size are both similar to those found in the other studies in 
Jackson Hole. The total number of nests (17) located in the area below 
Moose is considerably less than the total found by Dimmick (1968; p. 32), 
especially along the Snake River south of Hoback Junction. Perhaps this 
discrepancy is related to inexperience in nest searching but it .is 
entirely possible that recently constructed flood proiection dikes along 
the rivers have changed hydrology so that much suitable nesting habitat 
has been eliminated. · 
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Seventy-three percent of the nests were located on islands; in the 
other reports referred to, the large majority of nesting also took 
place on islands. However, the nesting occurs on a variety of island 
types which is an important safeguard against the loss on an entire 
nesting effort. The mean distance of the nest to permanent water, 
452.91 em. (Table 1), is less than half the distance reported by the 
other Jackson Hole Canada goose researchers. Mean bank height was 
also much lower than the figures of nest height above water of the 
Craighead's (1949) and Dimmick (1968). This is probably related to 
the fact that a larger proportion of nests in 1979 were on pond islands 
than in previous years. The pond islands that I examined were always 
considerably smaller than those on the rivers. Because nesting was 
later than usual this year, water release from the Jackson Lake Dam, 
peaking on June 16 (~Goodsell, personal communication), may have 
been particularly catastrophic for late nests and young goslings • . 

On the Southeast Arm of Yellowstone Lake, I counted more than twice the 
number of Canada geese than did Dimmick (1968). This may indicate an 
increase in the total goose population in northwestern Wyoming but the 
number observed during the aerial breeding survey is comparable to 
those observed in Jackson Hole 15 years ago (Dimmick, 1968). Perhaps 
a shift in selection of molting areas has occurred. 

The effects of toxaphene on Canada geese has not been adequately re
searched but the deleterious symptoms it causes have been noted in a 
few birds (Tucker and Crabtree, 1970). Although it is debatable 
whether the amount detected is harmful, the spillage of toxaphene from 
livestock dipping tanks in Wyoming and other states could be problematic. 

Summary 

The 1979 breeding survey of Canada geese in Jackson Hole demonstrates 
that considerably less nesting occurs along the Snake River between the 
Hoback River and Cabin Creek; Dimmick (1968) counted from 13-16 nests 
here but I only observed 7. This is an important reduction because of 
the former high productivity of this area. It may be argued that the 
alteration of the river's hydrology has affected breeding but subsequent 
reproductive effort and habitat evaluations are critical. The numbers 
of breeding pairs between Moran Junction and Wilson, along the Snake 
River are similar to those found by Dimmick although the southern third 
of this stretch should have also been affected by the levees. The more 
recent data is not comparable to that of the Craighead's (1949) since 
the distribution of actual nests is not discussed. 
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AN ECOLOGIC STUDY OF THE HABITAT TYPES OF 

THEODORE ROOSEVELT NATIONAL MEMORIAL PARK, NORTH DAKOTA 

Objectives 

Paul L. Hansen 
Ricky Hopki"ns 

Geo.rge R. Hoffman 

University of South Dakota 
Vermillion, Soo~h Dakota 

the objectives of this study, initiated in May, 1978i were to study ~nd 
delimit ~he hebitat types of Theodore Roosevelt National Memorial · Park 
(TRNMP), North Dakota, to collect and tabulate the vascular plants, to 
determine the edaphic characteristics of ~he habit~t types, and to 
collect animal species of the habitat types. There have been few studies 
of habitat types in grassland areas; this one is the first in western 
North Dakota. The ~abitat type concept was developed to assess the 
ecologic status of forest vegetation of the Northern Rocky Mountains 
(Daubenmire 1952, Daubenmire and Daubenmire 1968). Later Daubenmire 
(197b) used the same concepts in an analysis of steppe vegetation of 
eastern ·Washington. This basic ~col~gic concept has been used since 
in a number of studies throughout the Rocky Mountain region (Pfister 
et al. 1977, Reed 1971, 1976, Wirsing and Alexander 1975, Hoffman and 
Alexander 1976). The basic nature of this ecologic concept permits 
wide usage in vegetation studies. Additionally, following the basic 
habitat type delimitation, follow-up studies can relate the habitat 
types to other aspects of the biotic community. Examples include 
studies on primary productivity, disease susceptibility of tree species, 
potential for wi 1d1 ife, soi 1 moisture regimes, small mammal distributions 
(Daubenmire 1973, Hoffman 1960, Layser 1974, Mackee 1970, Rickard 1960). 

The present study at TRNMP will delimit the habitat types and will 
provide data on vegetation and soils of the habitat types and major 
animal components present. Future eco.logic studies on the renewable 
resources of TRNMP should be correlated to the habitat types distinguished. 

Methods 

In 1978 we conducted a preliminary survey of the entire Park to determine 
the range of possible habitat types present, to collect both plants 
and a~imals, and to tentatively identify sites suitable for intensive 
sampling the following summer .. Some preliminary sampling techniques 
were also tried to determine suitable ones forbird populations assess
ments in .the Park. In 1979 intens(ve sampling was done from May through 

· August on both the vegetation (~nd soils) a~d animal components. 
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Veget~t!on sampl{ng .... --Before the Park was officially designated, 
and even since then, a considerable amount of grazing has occurred in 
the area. In studying vegetation .there, however, we attempted to 
locate the least disturbed and~ in the case of forests, oldest stands 
for samp 1 ing. We fo 11 owed the samp 1 ing technique described by Dauben
mire and Daubenmire (1968} for forest stands and by Daubenmire (1970) 
for steppe vegetation. Our sampling provided percent canopy coverage 
estimates for shrub and herbaceous species~ and diameter size classes 
and basal area data for tree specfes. from the field data obtained we 
calculated frequency and constancy values for all shrub and herbaceous 
species, and density and constancy values for tree species. Voucher 
specimens were collected for deposit at both the University of South 
Dakota and TRNMP. 

Soil sampling.---ln each stand studied we collected at random 
25 soil cores representing the upper 1 dm of the mineral soil. We 
composited the 25 sampl~s into one sample for each stand, air-dried 
them in the field, and brought them to the laboratory for analysis. 
In the laboratory we determined organic matter using a modified Walkley
Black technique, Kjeldahl nitrogen content, pH of the soil paste, 
cation exchange capacity and readily exchangeable Ca, Mg, K, and P, 
and percent ~ase sat~ration. Finally mechanical analyses, using a 
hydrometer technique, were done on each sample to determine the 
percentages of sand, silt, and clay. 

Breeding bird sampling.---A survey of breeding birds was ma~e in 
both the North and South Units of the Park. Additionally, using methods 
of Coloquhoun (1940) and Bond (1957), more intensive sampling was done 
at 14 sites in the South Unit. For each of the 14 sites we determined 
number of species, density of territorial males, diversity, number of 
ecological guilds (Willson 1974) and biomass. For this part of the 
study we also estimated vertical foliage distribution (Karr 1968, 

.Karr and Roth 1971, Wisslon 1974) and canopy coverage for all strata 
from the herbaceous layer to the tree layer (Karr 1968, Wilson 1974, 
Emlen 1967). 

Small mammal sampling.---We assessed small mammal populations 
within various habitat types. To assure even sampling over the stand 
we used a grid pattern described by Rickard (1960) and Hoffman (1960). 
Skins of representative specimens were made. 

Amphibian and reptile sampling.---We collected amphibians and 
reptiles as we encountered them in the field. A number were collected 
on the main roads in the Park and are not clearly related to a particu
lar habitat type. 

Results 

A brief description of each habitat type (ht) of TRNMP follows: 

ArtemL~_!_a_!_ri' denta.!2_ .:_A~.r_o,ey_r£!.!_~ithii ht.--- This ht is scattered 
throughout the Park occurring on rlver terraces and narrow ledges 

-63-



10 - 100. m above the Llttle Mi· s~ouri River, A~ tridentata has 30% 
and - ~ropyron s.rhi'thli:ha~ 69% canopy coverage-in .this ht. Both are 
constant species. 0ther tmportant species bf .this ht are ·Agtopyron 

·caninum, Carex fll ifoli'a~ · Ach(lle~ ·mi llef6llum~ 
. Artemisia · t~na · ~ - ~iii£hor i t!!:Eos· · ottlden ta 1 i S...:.b!.· --~This habitat 

type .occur-s. on a 11 uvi"a 1 fans, and on 1 ow terraces a 1 ong the L itt 1 e 
Missouri River and i·ts- tributaries. In· this ht ·Artemisia ·cana has a 
cc;Jnopy coverage of· 3.3%, ·symphoricarpos 6ccidental .is abd Agi=6Pxron 
smithii have canopy coverages of 46% and 49% respectively. Other 
important species of thi's ht are ~ Lactuca · 6~16ngif6lia~ · Agr6pyron · ~aninum, 

and in places Poa prantensis and ' Poa · ~altistris. 

Arte.mis-ia cana_- Agropyron smlthii ,ht.---This ht is located along 
alluvial flats and flood plains where flooding occasionally occurs. 

·The canopy coverage of Artemisia cana ih this ht is 34%, that of Agro
Pyron smithii is 82%. · In this ht the Agropyron smithi i union is less 
rich than in the A. tridentata-A smithii ht. and Agro~yron represents 
considerably more-of the canopy coverag·e. Stipa .viridula and Poa 
J..!!.terior also are important species ln some stands of this ht. 

Agropyron smithii - Carex filifolia ht. ---This habitat type occurs 
on substrates having considerable clay ~ontent and located in areas 
below buttes where erosion can add substrate to that already present. 
Agropyron smithii dominates the vegetation; it has a conopy coverage 
of 91%. Carex filifolia has a canopy coverage of 14%. Other species 
of some importance in this ht are Lactuca oblongifolia, Stipa viridula, 
Bouteloua gracilis and Stipa comata. 

Stipa comata- Carex filifolia ht.---This habitat type occurs on 
substrates having high sand content and are thus well drained. All 
stands of this ht have cons1derably more species than any of the stands 
of the previous ht. The canopy coverage of Stipa comata in this ht is 
40%~ that of Carex filifolia is 29%. Other species that are relatively 
important in this ht are Artemisia frigida, Agropyron smithii, Koeleria 
pyramidata, Chrysopsis vi11osa, Lactuca·oblongifolia, and Selaginella 
densa. In this dry climate the course-textured substrate here results 
in a more mesic habitat than normal for the region. It is not un
expected that the species richness· would also be greater than normal. 

Andropogon scoparius- Carex filifolia ht.---This ht also 
occupies coarse-textured substrates. Most stands occur on relatively 
steep slopes and near the tops of buttes. Andropogon scoparius 
has a conopy coverage of 77%, Carex filifolia has a canopy coverage of 
9%. Species richness is high in this ht also; other relatively im
portant species of the ht are Bouteloua curtipendula, Calamovilfa 
longifolia, Helianthus rigidus and Symphoricarpos occidentalis. 
Lactuca oblongifo1ia, and Koeleria pyramidata are relatively important 
in some of the stands. 

Juniperus horizontalis- Andropogon scoparius ht.---This ht 
occupies thin soils near the tops and on north facing sides of buttes. 
This ht overlap~ much area where scoria beds have been e~posed. The 
prominent characteristic is the abundance of -Juniperus h6rizontalis 
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which has a canopy coverage of 81% in this ht. Both the Andropogon 
scoparius and Carex filifolia unions are present. As in the previous 
ht, with which there is considerable similarity, this ht has many 
species present. 

Juniperus scopulorum- Oryzopsis micrantha ht.--~This habitat 
type occurs on very steep north-facing slopes and ravines and is 
especially well-developed in the more rugged parts of the badland 
topography. The tree layer is dominated by the low-growing Juniperus 
scopulorum with fewer Fraxinus pennsylvanica occurring in most of the 
stands. The undergrowth is a rich mixture of shrubs and herbaceous 
species with Oryzopsis micrantha the most abundant undergrowth plant. 
Pruny~ virginiana, Symphoricarpos occidentalis, Rhus aromatica, 
Smilacina ste11ata and Galium boreale are additional important 
undergrowth species. 

Fraxinys pennsylvarii~a Prunus virgirii~na ht.---Stands of this 
habitat type occur in ravines and range from lOrn to 100 m wide. 
In general these stands occur on more gentle slopes than those of the 
Juniperus - Oryzopsis ht. While Fraxinus pensylv~nica is the dominant 
tree species other trees also occur including Ulmus americana, Juniperus 
scopulorum, and Acer negundo. The undergrowth is a rich mixture of 
shrub and herbaceous species important among which are Prunus virginiana, 
and Symphoricarpos occidentalis. 

Fraxinus pennsylvanica- Symphoricarpos occidentalis ht.---This 
ht. is characteristic of flood plains and low river terraces along the 
Little Missouri River. Currently the stands are dominated by Populus 
deltoides but it is not reproducing and will be replaced by Fraxinus. 
The undergrowth is again a rich mixture of species important ones of 
which are Symphoricarpos occidental is, Toxicondendron rydbergii, Rosa 
woodsii, Muhlenbergia racemosa, Poa pratensis, and Elymus canadensis. 
Most stands of this ht still show signs of heavy grazing intensity. 

Populus tremuloides - Prunus virginiana ht.---This ht is not 
widespread in the Park and occurs mainly on steep slopes near the 
upper ends of drainage ways above stands of the Fraxinus-Prunus ht. 
In addition to Prury~ virginiana, other important undergrowth species 
are Toxicodendron rydbergii, Symphoricarpos occidental is, and Betula 
occidental is. 

Other plant communities.---There are other plant communities 
that we do not consider to be habitat types. These may be restricted 
in terms of geographic extent or they may be long-term seral communi
ties. 

1. Symohoricarpos occidentalis forms rather extensive clones 
through much of the steppe matrix. These are climax and are recog
nized to be important in this region. While Symphoricarpos is 
dominant, many of the same species are present that also occur in 
~he surrounding vegetation matrix. 

2. Typha latifolia- Phragmites australis community. This 
hyd rophyt i c communi ty ·;t occu rs as a 1 ong-1 i ved sera 1 community a round 
permanent ponds in the North Unit. Other species present include 
Phalaris arundinacea, Poa palustris, Sagittaria latifolia, and 
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Verbena stricta. 
3. Typha Jatifolia ·- Salix amygdaloides community. This com

munity is not widespread though appears to be stable. It occurs near 
springs in the South Unit. Other species present are Cornus stoloni
fera; Ribes americanum, and Scirpus americanum. 

Most of the remaining communities are either very minor in extent or 
are sera 1 to one or more of the habitat types.. Comp 1 ete ana 1 yses of 
the vegetation and soils data are not yet finished. A comprehensive 
description of habitat types and edaphic characteristics will follow. 

Results of the animal sampling are summarized as follows: 

Breeding bird census.---During 1978 and 1979, 86 species ·were 
found to be breeding in the North and South Units of the Park. Twelve 
species were not recorded that normally breed here and seven new 

. species were recorded. Birds representing 11 orders were recorded with 
the Passeriformes most abundant with 56 species (65.1%). Four specfes 
classified as threatened, special interest or status undetermined 
are found in the Park (McKenna and Seabloom 1976). The primary breed
ing habitats vary considerably with nine species (10.5%) typical of 
marsh and temporary werlands, 54 species (63.8%) inhabit shrub steppe, 
21 species (24.4%) are characteristic of the woodlands interior and 
two species (2.3%) nest near human habitation. 

Forty-eight species and 385 pairs were recorded on the 14 study areas 
in the South Unit. When numerical values of importance are examined 
birds of the grasslands and brushy habitats generally rank highest. 
Similarity indexes indicate that avifaunal composition is very similar 
on areas of similar vegetation. Although the statistical analysis has 
not been completed. foliage height diversity and percent vegetative 
cover appear to be positively correlated with number of species, 
density of territorial male bird species diversity, number of guilds 
and standing crop biomass. 

Small mammal survey.---Trap nights for . all areas totaled 4500, 
with 105 small mammals taken. A total of six species were captured. 
The number of species taken on a study area renged from 0 to 4, with 
a mean of 1.6. Mean diversity calculations for the various habitats 
shows that diversity was lowest in the steppe and highest in the 
floodplain forest. Other diversity values are as follows: shrub steppe 
(Artemesia) .1441, shrub steppe (Symphoricarpos) .2394, upland ·decidu
ous forest (Fraxinus) .1734, and coniferous forest (Juniperus) .1801. 

Distribution of amphibians and reptiles.---During 1978 and 1979 
we collected 130 specimens of amphibians and reptiles, distributed 
among 13 species. Seven species were found primarily in steppe, four 
species were restricted to areas with water and two species showed no 
preference, being found in a wide range of habitats. Three species 
calsified as special interest species are found in the Park (McKenna 
and _Seab16om 1976). 
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Conclusions 

This study has provided an analysis and delimitation of the habitat 
types at Theodore Roosevelt National Memorial Park • . We have documented 
certain edaphic characteristics of each habitat type and the animal 
components of several habitat types. This study is a basic ecologic 
approach to classification of renewable resourtes and the results will 
provide an ecologic basis upon which future studies can be plarined. 
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Fort Union Trading Post was one of the la~gest and most important fur 
posts on the Upper Missouri, described by Hiram Chittenden as 11 

••• the 
best built post on the Missouri, and with the possible exception of 
Bent's fort on the Arkansas, the best in the entire Westr• (1954:2:959). 
Fort Union was an important focal point for the Assiniboine, Cree, and 
Crow tribes who came there to trade, receive their annuities, and 
learn about White activities. The financial success of the post 
depended upon the hunt]ng and trapping efforts of these Indians~ who 
brought in bison robes and other ani~al pelts to trade ·for White-make 
goods. Thus, the success of the post was directly related to the 
natural resources of the area. Our research describes these resources--
the mammals, reptiles, birds, insects and plants--both at the present 
time (1979) and historically. · 

The research project consists of three separate but interrelated 
phases: 1) an inventory of the historic flora and fauna, 2) a description 
of the contemporary animal and plant communities, and 3) the construction 
of a set of maps of the data collected. 

The historical portion of this project is an inventory, to the 
extent permltted by the available information, of the natural resources 
of the Fort Union area during the decades of the 1840's and 1850's. 
These were the decades during which the post reached its peak and the 
target periods for its reconstruction. These decades were also the ones 
during which many noted travelers, traders, missionaries, Indian 
agents, naturalists, artist·s and sportsmen visited the post. 
Because the ·Fort Union Historic Site covers a relatively small area 
of approxim~tely 392 acres, the historic data collected have been 
broadened to include both a greater time span and geographic area. 

The Public Land Survey Plats and Notes provide valuable information, 
particularly on the flora of specific sites along the route of the 

. survey. The plats and notes have been reviewed .as part of the archival 
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research. Other sources for historical data include an inspection 
of the paintings by Bodmer, Kurz, Catlin, Stanley and P6int. Caution, 
however, must be used when drawing upon these paintings as a data 
source because jrequently the artists took liberties when depicting 
the natural environment. 

Descriptions of the contemporary natural resources are restricted to 
the Fort Union Trading Post Site. Each plant community has been 
described and maps of the present communities are being constructed. 
In addition, a narrative has been developed to describe the potential 
or "climax" vegetation on each site. 

Maps have been prepared which show the flora and fauna of the Fort 
Union Site as it exists at the present and as it existed during the 
1840's through 1850's. Additional maps are also being prepar.ed which 
show the natural scene of the larger . region surrounding Fort Union in 
the 1840's. 

Methods 

The historic portion of the project involved library research of 
journals~ diaries, reports, letters and surveys written by those 
who visited the fort and nearby areas during the period under study. 
The majority of these works are located in the University of Montana 
Library, which holds a large collection of Western Americana. The 
Public Land Surv~y records were of value because they allowed for 
the placement of specific plants at specific locations within the 
Fort Union Site as of the date of the survey. The data abstracted 
from these documents were recorded on a form especially constructed 
for this project. These data include when the flora and fauna were 
observed, where they were located, the nature of the populations or 
communities and the behavior of the fauna. Based upon this information, 
the historic flora and fauna, their habitats and the diversity of 
habitats have been reconstructed where possible. 

The present animal, 1nsect and bird species have been identified when 
possible in order to determine their present habitats and the habitat 
r~quirements of the various fauna. A plant species list has been 
developed for each community, along with the percentage of each species 
within the total community. Plant species composition (%of each 
species of the total) is expressed as percentage by weight. Weight 
was determined by standard methods, including clipping and weighing, 
supplemented by occular estimates. A list of exotic plant species 
in each community will be included in the report. 

The local Soil Conservation Service was contacted to obtain soils maps 
and data for the site. The soils serve as a guide to the potential 
plant communities. The soil tonservation Service descriptions of climax 
range sites on each soil type serve as a base from which to judge the 
potential vegetation. 

Results 
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The natural vegetation of the upland sites is typical of the Mixed 
Prairie. Descriptions of the vegetation may be found i~ Hanson and 
Whitman (1938}, Payne (1973), c·oupland (1950), and Quinni ld and 
Cosby (1958). However, the natural variability of vegetation from 
one sit~ to another di~tates that these descriptioni be refined for 
specific sites. In attempting to reconstruct the natural vegetation 
of the Fort Union Trading P~st site, searches were made of ·th~ local 
area fo~ ·relatively un&isturbed sites, along with relicts of natural 
vegetation. Ten such sites were observed.· However, ·sufficient 
evidence is available in the literature and on undisturbed sites 
around Fort Union to develop a reasonably accurate list of plant 
species which would occupy each distinct site. 

The Fort Union Trading Post site contains eight ecologically .distinct 
potential plant communities. The.se have been delini .ated on a map of 
the site which will be included in the final report. 

The vegetation around Fort Union would have been in a rather advanced 
stage of disturbance during the period of its operation. Historic 
records indicate . that numerous horses and cattle were kept by the 
traders at the fort. Also, the Indians camped on the grounds near 
the fort would have contributed significantly to the .~isturbance 
through normal trampling and wood-gathering activities and from the 
graiing of their hors~s. · · 

Weber (1859) mentioned that both milk cows and work cattle were kept 
at the fort. Catlin (1913) recorded that at the time he visited Fort 
Union there were about one hundred and fifty horses at the fort. 
Prince Maximilian (1906) reported that the fort (1833-1834) contained 
''about fifty or sixty horses, some mules, and ~n inconsiderable number 
of cattle, swine, goats, fowls~ and domestic animals. The cattle 
are very fine, and the cows yield abundance of milk . . The horses are 
driven, in the day time, into the prairie, guarded and exercised 
by armed men, and, in the evening, brought back into the quadrangle 
of the fort, where the greater part of them pass the night in ihe 
open air .•• 

The disturbed condition of the vegetation is further expressed by 
the abundance of cactus in the area. Denig, in his journals as edited 
by Ewers (1961) recorded · that 11 the principal hinderance to foot 
travelers in this district is the innumerable family of cacti, .some 
of which are armed with very long and strong points and tuin the feet 
of anyone walking without strong soles to his shoes. 11 Maria Audubon 
(1960) recorde~ the diary of J~mes Audubon (1897) who also visited 
Fort Union. He wrote that there were 11many Cacti of two sorts 11 and 
that 11 the prairie is covered with cacti.'' Wi 11ard and Herman (1977) 
found that prickly-pear cactus (Opuntia polyacantha) increases with . 
excessive grazing in eastern Montana. 

Only one photograph has been found of the fort, and this was taken in 
1866 by A.J. Fisk one year before the fort was abandoned. Only two 
plant species can be seen in the photograph. These are Artemisia 
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frigida and Circium arvense, two perennial forbs well known to invade 
or increase under excessive grazing. These two species are still 
found at the fort, but in minor amounts. . 

The present vegetation at Fort Union is a mixture of plant communities 
and cultivated lands. The plant communities will be shown on a map 
in the final report. Altogether, thirty-one different vegetation 
types were mapped on the area; plant species and percentages of each 
will be listed in the final report. · 

Numerous plant species not native to North America are present on the 
Fort Union Trading Post site. These are listed in Table 1. 

Table 1. Exotic Plant Species on the Fort Union Trading Post Site. 

Grasses 

Agropyron cristatum 
Agrostis alba 
Bromus inermis 
Bromus japenicus 
Poa pratensis 

Forbs 

Kochia scoparia 
Medicago sativa 
Melilotus officinalis 
Tragopogon dubius 

Trees and Shrubs 

Eleagnus angustifolia 
Robinia pseudoacacia 

Much of the site has been placed in cultivation, some areas are not 
cultivated but are in various stages of disturbance, while other areas 
contain natural vegetation. Areas of natural vegetation should be 
protected from disturbance. No further modifications are necessary. 
All other areas will require drastic modifications to return the vegeta
tion to a natural mixture of species. 

A review of the early diaries, books, and other documents of the Fort 
Union era has produced extensive lists ~nd descriptions of the flora 
and fauna of the period. From the explorations of Lewis and Clark, 
the first whites to record their observations of the area, to the 
cl'ose of the fur trade on the Upper Missouri, Fort Union was visited by 
a number of naturalists--botanists, geologists, and zoologis~s--who 
described the flora and fauna. The most important were Meriwether 
Lewis, William Clark, Thomas Nuttall, John Bradbury, John J. Audubon, 
Edward Harris~ and Ferdinand V. Hayden. Other observers of less 
importance were George Catlin, Prince Maxmilian du Weid, and the 
members of the Northern Pacific Railroad Survey. The findings of the 
primary observers will be listed in the final report. 

·conclusions 

The Fort Union area, at the confluence of the Missouri and Yellowstone 
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Rivers, was a site rlch in flora and fauna~ The vegetation of the site 
has been greatly altered, so that much of the are~ is in · cultivation, 
is- composed mainly of exotic speci"es, or is in some seral stage removed 
from the climax vegetation~ However, the soil is essentially intact, 
and there is no i~dication that any of .the native plant species are 
extinct. Therefore, with time, the vegetation can be reconstructed on 
the site. · 

Disturbance of th~ fauna has been much more severe, Several species, 
including the grizzly, wolf, bison, elk, Audubon bighorn sheep, and 
black-footed ferret, are gone from the area. Thes.e and other less
obvious species can prob.ably never be returned to- the area in a natural 
state. The Audubon bighorn .sheep is extinct, and the ferret nearly so. 
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Introduction 

Large numbers of Bald Eagles (HaZ.iaeetus Z.eucooephaZ.us) concentrate 
in the McDonald Creek area of Glatier National Park each autumn to 
feed on a spawning run of kokanee salmon (Onoorhynahus nerka). This 
report summarizes the third year of a continuing study of the local 
and l.ong-range movements of Bald Eagles from this concentration. 

Objectives 

The objectives of the study are to (1) determine local movement 
patterns, migration routes, wintering sites and nesting areas of 
Bald Eagles associated with the concentration, (2) gather morpho
logical data on captured Bald Eagles, (3) monitor Bald Eagle numbers 
during the autumn concentration and (4) provide management recom
mendations for use in a coordinated regional management plan for 
Bald Eagles. 

Methods 

Bald Eagles were captured with No. 3 Victor double spring traps. 
The jaws were padded with foam rubber and wrapped with electrical 
tape. Traps were painted to match stream bottom gravel. Three to 8 
traps (with chains wired together to assure a weight with which · an 
eagle could not fly) were used at each set and placed between the 
bait and the shore in about 10-15 em of water. Traps were free to be 
pulled on the ground by a captured eagle, reducing risk of injury or 
escape. In a few cases where traps were near deep water they were 
attached to bait stakes by shock cord. Kokanee salmon, common suckers 
(Catostomus oatostamus) or squawfish (FtyohooheiZ.us oregonensus) were 
used as bait and wired to a wooden stake approximately 1 m from shore 
along McDonald Creek. 

A series of measurements was made on each captured eagle. Plumage 
descriptions. iris color, and bill color were used to estimate age 
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class. Patagial markers (yellow in 1977 and bright orange in 1978 
and 1979 w~re as~fgned by the U,S, Fish and Wil~life S~rvice Bird 
Banding Laboratory} were placed on both wings and a standard u.s. Fish 
and Wfldl i'fe Service -alumi"num band (No. 9} was placed on 1 leg of 
each eagle. Each set of wing markers had a different code number to 
enable the ldentfflcation ofmarked individuals. Information sheets 
(Fig. 1) describing the marking were widely distributed to observers. 

In autumn 1979, Telonics radio transmitters were placed on 6 Bald 
Eagles (2 adults and 4 subadults). Transmitters weighed ·51 gin and 
produced two P"'"lse rates: 60 per minute when the ta.il angle was more 
•than 450 :from horizontal (perching) and 85 per minute when less than 
45° from horizontal (flyi_ng). Transmitters were mounted ventrally 
and prciximally, on . the 2 central rectrices. Local movemen~s in the 
f~eding and roosting areas and migration south to wintering areas 
are being monitore.d from the ground and aircraft. 

Censuses were conducted weekly between 5 September and 31 December 1979, 
along an 11 km canoe route from the o~tlet of Lake McDonald to the 
junction of the Middle Fork and the North Fork of the Flathead River. 

In 1979 we initiated a study to determine the feasibility of quanti
fying human disturbance factors that affect Bald Eagles along McDonald 
Creek. Flushing distances of eagles put to flight by the counting 
canoe were estimated by researchers in a secon~ canoe. Distances to · 
eagles that remained perched as the canoes passed were also estimated. 

Results and Discussion 

Thirty-five Bald Eagles were captured in 1979; a total of 65 eagles 
have been captured during the 3 project years. Mean wingspread of 
the 65 eagles was 204 em (range 180-222cm) and mean weight was 4.76 kg 
(range 3.4-6.4kg). 

Numerous sightings of eagles with yellow or orange wing markers 
were reported from the McDonald Creek area during the study period. 
Bald Eagles with orange markers (and assumed to have been marked at 
McDonald Creek) were reported 2km west of Creston, Montana in March 
1979; near Carbondale, Colorado in April 1979; and 25 km north of the 
Canadian boundary, along the North Fork of the Flathead River in 
.British Columbia in May 1979. A Bald Eagle marked in the San Luis 
Valley of Colorado in 1977, was observed on McDonald Creek in 1979, 
for the third consecutive autumn. 

The first eagle was equipped with a radio transmitter on 15 October 
1979 and the sixth on 23 November 1979. After transmitter attachment 
eagles remained in the McDonald Creek area for periods ranging from 
2 days to 5 weeks, during which they were monitored at feeding areas 
and night roosts. Tracking of the 6 migrating eagles is continuing. 

The high count for 1979 was 516 Bald Eagles (305 adults and 211 
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INFORMATION REQUESTED ON SIGHTINGS 

OF WING-TAGGED BALD EAGLES 

Bald Eagles are being captured and marked along l1cDonald Creek, . Glacier 
National Park, northwestern Hontana. This site is a temporary stop for the 
eagles on their way south to wintering areas. 

In 1978 and 1979 a bright orange wing ~arker (3 by 5~ i~ches) was 
placed next to the body on each wing. In 1977, the markers were bright yellow. 
The accompanying sketches show the locations of the markers ori the birds while 
perched and in flight. Orange markers are coded All to ·A99. Yellow markers 
are coded MOl to MlO. It is important to r~port codes if they can be read 
because birds marked in Colorado have bright yellow markers, but are coded 
COl to C99. 

Sightings of marked birds will help determine migration routes, wintering 
areas, and nesting ·areas. 

INFORMATION NEEDED 

-1. Was the eagle an adult (white head 
and tail) or a subadult (various 
combinations of dark and light body 
plumage)? 

2. Marker number. 

3. Exact location where eagle was 
.observed. 

4. Date and time of sighting. 

5. Activity of bird. 

6. Were other eagles nearby, and how many? 

7. Observer's name, address and telephone 
number . 

Please report sightings to: 

Bald Eagle Project 
Glacier National Park 
c/o Riley McClelland 
West Glacier, MT 59936 
Phone: 406-888-5441 or 406-728-1780 

·and to: 

lU~rd Banding Laboratory 
U.S. Fish and Wildlife Service 
Laurel, Maryland 20810 

Figure 1 
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suba.dults} .which occurred on 14 November, Movements of color .. marked 
and transroitter~equipped ~asles indtcate .that the turnover rate of 
Bald Eagles at the Glacier concentration is h.igh. Many eagles apparently 
spend only a week or two feeding alo_ng McDonald Creek, then continue 
their southward roigration ·and are Hreplacedtt by ottter arriving eagles, 

· all in the context of a rapidly bui ldi.ng concentration fn late October 
and November. We believe .the number of eagles stopping.at McDonald 
Creek may exceed 1,000 nearly 10% of the number of winteri.ng Bald 
Eag 1 es counted i·n January 1979 in the conterminous United States 
(National Wildlife Federation Mid~Wfnter Bald Eagle Survey). Thus, 
the McDonald Creek feedlng site ls exceptionalfy important, 

Plans for 1980 

During the 1980 autumn concentration we will equip 10-12 Bald Eagles 
with transmitters. Intensive monitoring will refine knowledge of 
local use patterns and identify essential habitat. Long-ra~ge 
tracking will determine migration routes, habitat use, and ~intering 
areas. Eag 1 es captured but not se 1 ected for transmitter attachmen.t 
will be banded and their morphology characterized. We will continue 
weekly censuses and the disturbance study. 
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Purpose 

INFLUENCES OF THE LONGNOSE SUCKER ON THE EARLY 
LIFE STAGES OF CUTTHROAT .TROUT IN TRIBUTARIES 

OF YELLOWSTONE LAKE, 
YE.LLOWSTONE NATIONAL PARK, WYOMING _. 

G~orge T~ B~xter an~ Richard D. Swanson 
Department of Zoo l_ogy and . Phys i o l_ogy 

University of Wyoming . . . 

. . ~ 

The purpose of this ·study was .to .'detennine what~ - : if any,_ · lnfluerices t~.e 
longnose . sucker· (Catostomus catostomus) hav~ upon . the ·cutthroat t_rout ·· 
(Salmo ·clarki i) population in Yellowstone La.k~, Yellows.tone Natl:enal .: . ... . , 
Park, with s·pecial reference to early life stage .· .in~~ra.cfions. ·rhe· · 
specific objective of th.is · invesfigatioh wa.s _. to determJne if the intra~·:. 
duced sucker was hav·jng a deleterious effect . upon' the growth and surv·i-· 
val of indigenous tr~ut fry. ·· · 

Cutthroat trout and longnose suckers . 4se tri"butaries .of Yellowstone 
Lake as spawning areas and the potentia·l for· intraspecific compet iti.on · : 
between fry of both species is considerable. The ·maintenance -of an .~ 
ecologically sound population of cutthroat trout in YelJowstone, Park ..is · · ·. ~ 
a pr.erequlslte to the Nattona1 Park Service pol icy of maintalnin.g -native · 
flora and fauna in riational parks~ 

Proposed Wor.k Accompli shed 

Spawning site selection and behavior. Further observat.ions . in.to ·· .. p6s.si-· · .. 
ble interactions of longnose sucke~s and cutthroat trout in So1ution ~ · 
Creek revealed a compfete separatlon of spawning sites. ·Longriose ,, ' 
suckers were observed . to inhabit the pool .areas (min 23 em) .of ':,the·: 
stream while trout occupied the riffle areas. Occasional intermi=ng·]i'ng · · . 
of the two spec i e·s was noted, however~ no antagQn is tic behav i·o"r .. : was .. 
observed ·. · · · · 

Observa.tions of downstream migration of sucker fr.y.·. Measur·ement .c)f . J. 

downstream ml grat ion of sucker fry was accomp 1 i shed by use -of two _dr.i ft · 
nets placed in Arnica Cr~ek. Preliminary ~ata · lndJ .c~tes that sucker · 
fry· migrate downstream soon after the swim-:up stage. · M i g:rati on ·i $ ·.- , 
heaviest during the ·. first few hours of ·darkness. · It appea·rs that .·mig ra.;;:; < 
tion is stron.gly correlated w.ith water temperature and the onset of-';' . 
nightfall. Data indicates that the majority of sucker .Jry .migrate · ··. ·. 
within the first 48 to 60 hours following swim-up. (Th-is would seem to ·;~_:, 
imply that migration is the r~sult of loss of sight orientation rather 
than an inherited characteristic). · · 
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Food and feeding relationships among fry and fingerling trout and 
suckers. Poss.ible feeding overlap between the ·two sp.ecies is being 
monitored i"n Arnica Creek Lagoon. Fish collected during the sampling 
period will be examined for food preference and quantity consumed. 

Estimates of available food resources (zooplankton; Fig. 1 and 2, and 
benthic organisms) were collected on a bi-weekly · sampling period. 

Upon completlon of the analysis of food preferences and structure 
components of the benthic community, feeding overlaps will be calculated • 

. • 
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Figure 1. Population dynamics by volume of 4 zooplanktons in Atnica 
Creek L.agooli . 

•- Cer iodaphn i a sp. 
0- 0 i aptomus shoshoni i 
•- Daphnia sp. 
0- Bosmi na sp. 
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Figure 2. Population dynamics by volume of 4 zooplanktons in 
Ye.llowstone Lake adjacent to Arnica Creek Lagoon 

•- Ceriodaphnia sp. 
0- Oi aptomus shoshon ri 
•- Daphnia sp. 
0 - Bo s m i n a s p • 
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Objectives 

WHITE PELICAN REPRODUCTION IN THE MOLLY ISLANDS 
BREEDING COLONY, . YE_LLOWSTONE . NATIONAL PARK 

Kenneth L. Diem 
Department of Zoology and Phys i.ology 

·university. of Wyoming · 

(1\ 
\ 

Compared to other .North American white .peli~an, Pelecanus erythrorhynchos, 
breeding colonies, . the Molly Jslands Colony is a .minor colon~ co~sisting 
of +456 adults (Lier and Behle, 1966; Diem ~nd Condon, · 1967; Sloan, 1~73; 
Diem, 1976). Despite its small size·., the colony is unique for these 
reasons: (1) it . is the only white · pelican breeding colony in a national 
park; (2) the 16cation of the colony at an ~levaiion of 7,733 ft (2,357 m) 
is the highest recrirded foi any breeding colony of the species; (3) dis
covered in 1890, ~ the colony has had variable surveillance since 1917, 
with relatively intense monitoring since 1965; (4) the breeding population 
is composed of birds from both coasts of North Am~rica; and (~) the colo
ny•s nesting sites on the two Molly lslands .change frequent.ly with no pre·
dictable pattern. The major objective of this ·project .is to continue 
monitoring changes in the reproductive success of the Molly Islands white 
pelican colony and to continue studies of the factors 1nfluencing those 
changes. 

Procedures 

Nesting and fledgling censuses continue to be taken from a boat 100-200 
ft from shore. · Because landing in the colony would be too much of a 
destructive disturbance, clutch data cannot be collected. Some errors in 
nest counting probably occur, however, the fledgling censuses are very 
accurate. 

Results 

Nesting and fledgling counts for the Molly Islands white pelican colony 
from 1977 thro~gh 1~79 are presented in Table 1. The 1979 production of 
pelicans represented the highest number of fledglings recorded for this 
colony since 1945. 

The pelican nesting effort was about average phenologically and appeared 
to be very well synchronized in terms of the few nesting aggr_egations 
and uniformity of size in the young birds. · 
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Mortality of the juvenile pelicans appeared to remain low on Sandy 
Island with a total of 9 juvenile pelican carcasses observed on 
August 8. A mortality survey on Rocky Island was not possible because 
of the vulnerable state of young Double Crested Cormorants, Phalacrocorax 
auritus and Caspian Terns, Hydroprogne caspia. 

For the first recorded time since 1952 Double Crested Cormorants nested · 
on the Sandy Island. Two nests contained 3 partially naked young on 
August 8. On Rocky Island, 6 nests produced 11 Double Crested ·cormorants. 
Another first was recorded with 21 nesting terns producing 11 fledglings 
on Sandy Island. The new Rocky Island nesting aggregat(on reported in 
1978 was not observed in 1979. . 

The Molly Island water bird production was strongly correlated with the 
1 ow 1 ake water 1 eve 1 , even during the snow-me 1 t . runoff. Adding to this 
was the mi 1 d weather of both Spr i.ng and Summer. 
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Table 1. Numbers of. white pelican .nests and you.ng .fle.dged in . the Molly 
lslands · breedi~~ · colony, 1977-79. 

No. of 
No .• of Nesti _ng 

Year Location Date Nests .A.ggr.egat ions · ·Date .Fledglings 

1977 Rocky Island 717 22 3 
Sandy Island 717 195+ 5 

8/11 . 302 

1978 Rocky Is land 719 24 1 
Sandy Is 1 and · 7/9 -167+ 6 

8/15 230 

1979 Rocky Island 6/27 78 2 
Sandy Island 6/27 172 2 

8/8' 418 
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Objectives 

POSTFIRE AVIAN ECOLOGY IN YELLOWSTONE NATIONAL PARK 

Robert J. Jonas & Allan R. Pfister 
Washington State University 

Pullman, WA 99164 

.~ -
; ~ 

One objective of establishing Yellowstone National Park was to m1n1m1ze 
human influence on the biotic communities. However, from the time of esta
blishment (1872) through 1972, the policy has been to suppress forest fires. 
Since natural fires play an important role in many environments, their im
portance to the Yellowstone ecosystem is being assessed. Little knowledge 
exists on avjan succession immediately following a forest fire and several 
years postfire. 

The Divide fire burn on the western sride of the Sotith Arm of Ye11ow~tone 
Lake and the Trail Creek burn southeast of the Southeast Arm of Yellowstone 
providedanopportunity to supplement the knowledge of Yellowstone's fire 
~cology. Therefore, data gathered during the 1979 summer will be used to 
strengthen the 1978 summer data in the determination of avian ecology in 
these postfire areas . 

Procedures 

The field phase of the research was initiated June 12, 1979 and terminated 
on August 30, 1979. Data collation was continued subsequent to field research 
to enable completion of the final report. To the extent required, study 
plots utilized by Jonas and Pfister (1978) were reestablished in the 1600 
acre Divide fire burn (June 12) and the 580 acre Trail Creek fire burn 
(June 29) within clean burn areas (580 and 280 respectively). These plots 
were in locations utilized by Gniadek (1977) to compare data collected in 
this study with that collected by Gniadek (1977). The initial censuses in the 
twenty-two and two-tenth acre (9 hectare) study plots were conducted on June 
13 (Divide) and June 30 (Trail Creek). 

Areas on which the spot-map technique were to be utilized were identical 
to those utilized by Jonas and Pfister (1978). The line transect censuses 
were also conducted in the same areas as utilized by Jonas and Pfister (1978). 

An attempt to determine avian density was through the use of the spot-map 
technique (Williams 1936) and line transect censuses. The line transect 
method ' used was identical to the spot-map method but uti] ized a smaller area 
than that encompassed by the spot-map technique. Comparisons will be made 
between the two techniques to determine the most efficient method~ Censuses 
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were conducted in early morning and early evening using both audio and visual 
cues to determine avian species present. ~ist ~ets were erected in the burned 
and ·unburned plots in both areas for a period of three days each in an attempt 
to determine if any species were present, but not recorded by the techniques 
described above. 

Field observations were recorded on printed sheets utilizing a computer 
symbol check-list for species, activity, location, number ~bserved, etc. . . 

All species encountered were also placed in their respective feeding categories 
in relation to foraging level and food type according to the method used by 
Salt (1953). . 

· Approximately 189 hours were spent censusing the avian communiti.es from 
June 13 to August 24; 90 hours on the Divi~e fire area and 99 on the Trail. 
Creek area. Spot mapping the Divide area required .35 hours for the burn 
and 26 hours for the control, whi"le the · l ine transect required 29 hours; 9 
each for the burn and control~ and 11 for the edge. Time allocations for 
the Trail Creek area· were the same wi.th the exception of 35 hours being spent 
in the control. Another · 30 hours were spent casually observing avia~ species 
present in the study and adjacent areas. Approximately 20 hours were allocated 
to the establishment and checking of mist nets in each of the two areas. In 
instances where nests were loca.ted, the diameter at breast height (DBH), 
tree height, and the -number of young (if pos~ible) were reco~ded. Diameter 
at breast height was also recorde~ and divided into height class categories 
for five 25~2 plots in an effort to determine criti"cal · nesting criteria in 
a burned area. Two days were spent casually censusing the 1~79 Gallatin fire · 
in the northw·est portion of Yellowstone Park. 

Using canopy coverage, vegetation was sampled along two ·285 meter lines 
wit.hi"n each plot a·t 15 m.eter intervals along the .1 ines. The sample plot, as 
in 1978, was a 4m2 circle. Vegetation data for the ·1 ine transects (edges) 
was collected along the linei previously established. The catego~iei for 
which coverage data were obtained were: grasses, shrubs, forb~; logs~ bare 
ground, ari~ both dead and 1 iving trees. Approximately 25 hours w~re spent 
collecting v_egetation data in .each of the two areas. 

Results and Discussion 

A categorization of the species as to where they were observed is found 
in T~ble 1. (This table represents utilization by the respective species, 
but does . not necessarily signify utilization as nesting habitat.) Table 1 
shows on 1 y six .species d i ~ not uti 1_ i ze an area that was a consequence of the 
natural fires, while 15 speci·es exclusively utilized habitat that was a result 
of the burns. These findings lend further support to the preliminary findings 
of 1978 in indicating the ~atural fires may promote ecological diversity a~d 
may be providing h~bitat suitable for several species w~ic~ are considered 
ra~e in Yellowstone Park. 

Species encountered in the 1979 Gallatin fire 1 month subsequent to burning ·· 
include the Hairy and Northern Three-toed Woodpeckers, Gray Jay, Yellow-r.umped 
Warbler, Dark-eyed Junco, Pine Siskin, and Cassin 1 s Finch. The presence of 
these species shows the ~pe~d in which burned a~eas are reestablished as 
foraging and future nesting sites. 
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Table 1~ Species Observed in Three Habitat Types, Summer 1979 

Burned Areas 

Tree Swallow 
Western Wood Pewee 
Lincoln's Sparrow 
Olive-sided Flycatcher 
Mountain Bluebird 
White-crowned Sparrow 
Broad-tailed Hummingbird 
Mourning Dove 
Lark Bunting 
Brown-headed Cowbird 
Barrow's Goldeneye 

Unburned Areas 

Hermit Thrush 
Pine Grosbeak 
Ruffed Grouse 
Williamson's Sapsucker 
Owl (spp. unknown) 
Ruby-crowned Kinglet 

All Areas 

Common Flicker 
Yellow-rumped Warbler 
Dark-eyed Junco 
Robin 
Brown Creeper 
Hairy Woodpecker 
Northern Three-toed Woodpecker 
Chipping Sparrow 
Pine Siskin 
Clark's Nutcracker 
Gray Jay 
Red-breasted Nuthatch 
Osprey 
Mountain Chickadee 
Western Tanager 
Cassin~s Finch 
Raven 

Edges 

Wilson's Warbler 
Rufous Hummingbird 
Red Crossbill 
Black-capped Chickadee 
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Objective 

DIPHYLLOBOTHRIUM CORDICEPS: 

A TAPEWORM PROBLEM IN YELLOWSTONE LAKE FISHES 
NEW INVESTIGATIONS INTO THE LIFE CYCLE 

Newton Kingston and Kenneth Diem 
University of Wyoming 

Douglas Mitchum 
Wyoming Game and Fish Department 

Diphyllobothrium cordiceps (Leidy, 1872) has been known from Yellow
stone Lake fishe~ since 1872. Leidy described and na~ed the species 
Dibothrium cordiceps from poorly preserved . larval (plerocercoid) 
material collected from native trout, Salmo mykiss (= Salmo clarki) 
by members of the Hayden Expedition. The larval tapeworm has been 
reported only from cutthroat trout, Salmo clarki, brown trout, Salmo 
trutta, brook trout, Salvelinus fontTriaffs, and grayliAg, Thyma~ 
arcticus, chiefly from Yellowstone Lake and adjacent waters in the 
northern Rocky Mountains. Simms and Shaw (1939), found~· cordiceps 
outside the Rocky Mountain area in brook trout from Elk Lake, western 
Descnutes County, Oregon. 

Linton (1891 A & B) found and identified the adult stage of this 
tapeworm in the white pelican, Pelicanus erythrorhynchus. Also adults 
of Diphyllobothrium cordiceps have been found naturally infecting the 
California Gull, Larus californicus, the American merganser, Mergus 
americanus, and bears, ·both black, Ursus americanus, and grizzly, 
Ursus arctos, in Yellowstone Park (Scott, 1935). None of the other 
piscivorous birds or mammals from the area, e.g., the double-
crested cormorant, Phalocrocorax auritus, the Caspian tern, Hydroprogne 
caspia, river otter, Lutra canadensis, is known to harbor this tapeworm. 

The usual life cycle of a diphyllobothriid cestode involves three 
hosts: a piscivorous vertebrate (the primary, or definitive, host) 
in which the worm develops to sexual maturity, a copepos (1st 
intermediate host) which ingests the ciliated coracidium; the latter 
hatched from an egg passed out of the definitive host to develop 
externally in water. In the body of the copepod, the coracidium 
metamorphose lnt.o the procercoid. The infected copepod in turn is 
ingested . by a fish (the 2nd intermediate host) where it develops into 
an elongate, vermiform parasite, the plerocercoid. If this . infected 
fish is eaten by another fish, the plerocercoid may transfer to that 
host without further development. If the infected fish is eaten by 
a warm-b]ooded host of suitable species, the cycle is completed 
with the transformation of the plerecercoid into a sexually mature worm. 
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A) : Most interest in this tapeworm has been directed towards the 
"wormy" fish first noted by Carrington in 1871 and described and 
identified in 1872 by Leidy. · Hayden (1872) remarked that there was 
but one species of fish in the lake, trout weighing 2-4 lbs, with 
most of them infected with a pecular intestinal (sic!) worm~ These 
larval .worms (plerocercoids) were among the intestines of trout and 
interlaced in the fle~h, the largest ~eing about 15 em (6 inches) 
in ·length. Some of the worms ·were small and were in cysts clinging 
to the intestines . . When pressed between the fingers they broke open 
and small worms emerged, in appearance similar to the larger worms. 
From 5-6 up to 40 or 50 parasites ·were found in a ·trout, the larger 
ones being in solid flesh through which they work causing the flesh 
to become almost putrid. Infected fi$h were detected by their 
appearance; the trout frequently were poor in flesh, dull colored, 
and they swam lazily though they fed voraciously. 

B) Beginning in the 1920's, considerable thought and effort were 
directed towards the elucidation and completion of the life cycle with 
the aim of reducing the numbers of infected fish. Ward (1922) suggested 
reduction of pelican numbers but not the elimination of the bir&s from 
the park. He hoped this would indirectly reduce the numbers of infected 
fish by decreasing the number of infected copepods which would be 
exposed on a lesser basis to hatchi-ng tapeworm eggs. Ward apparently 
was unaware ~f the role of gulls and bears in the life cycle and their 
role in tapeworm egg production. Hall (1931) studied infections in 
pelicans and treated some of these birds with an anthelmintic. He 
considered that treatment of the definitive ho~t would lessen 
the incidence of infection in trout. Hall also raised the question 
of determining the 1st intermediate host and suggested that copepod in
vertebrates may be involved. Woodbury (1931) thought a copepod 
species of the genus Diaptomus might be a likely 1st intermediate 
host owing to the large numbers of Diaptomus found in the stomachs 
of trout. Woodbury (1931). also treated a pelican with an anthelmintic 
and then reinfected the bird by feeding it heavily . infected trout 
and grayling. 

Scott (1935) and his associates, Honess and Simon, collected plero
cercoids from Yellowstone fishes (cutthroat trout, grayling, and 
brook trout). Further plerocercoids were collecte.d from · Yellowstone 
Lake cutthroat trout by Crosby in 1970. 

All previous workers have been unsuccessful in clarifying the 
development of the tapeworm embryo,. the egg-hatching process and 
release of the coracidium and the identificatio~ of an intermediate 
host. In this study we have gathered and evaluated new information 
related to the foregoing topics and these data are now incorporated 
in this paper. In add1tion, natural infection in cutthroat . trout 
and experimental infection of the dog, cat and hamster with adult 
worms are included in this study. 

Methods 
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D) Adult Diphyllobothrium cordiceps were recovered by necropsy from 
2 of 3 pelicans found dead on Sandy Jsland of the Molly Islands in 
1978-79. Terminal, gravid proglottids from eight live worms recovered 
from one pelican we.re removed from the worms ·and placed in lake water 
and refrigerated at 4C. The remainder of . the worms were relaxed 
and killed in hot (60C) tapwater and fixed and preserved in formalin. 
Fragments of worms bearing e.ggs were recovered · from a second dead 
pelican and this materi~l was also stored in lake water and r~frig
erated until necropsied. Plerocercoids in the trout from the muscles, 
body cavity and those recovered by -dissecting visceral cysts were 
counted and their position in the fish noted. The worms were then 
eithe~ relaxedj · killed and fixed, or mairitained alive in physiological 
saline for feeding experiments to putative, "other intermediate or 
definitive hosts. 

The dog and cat used in the experimental feedings were maintained 
on standard dog and cat chow or, in a later .experiment, fed a pork
beef liver and/or heart diet, exclusively. Their . feces were determined 
negative for tapeworm eggs by screening (final screen 53 urn), 
sediment~tion and microscopic examination of the sedimeni prior to 
the experiment and checked at intervals after feeding of plerocercoids 
from naturally infected cutthroat trout. Prepatent periods and 
preliminary indication of ·the duration of infection · in these hosts were 
established by these means. Adult tapeworms were recovered by 
necropsy from the intestines of the dog and cat following euthanasia. 
The adult worms were treated as noted previously. Hamsters were 
maintained on standard laboratory rat chow, in addition t.o some 
cracked grain. They were lightly anaesthetized and exposed~ os 
by stomach tube to plerocercoids recovered from naturally infected 
cutthroat trout. 

Feces were screened and eggs sedimented from this host, and the 
prepatent period and duration of infection determined. The hamsters 
were euthanatized and necropsied at various intervals after exposure 
for the recovery of adult tapeworms which were treated as previously 
described. 

Plankton were collected in June, July and August from Yellowstone 
Lake using a hand~held Wisconsin Style Plankton sampler (18 x 76 em) 
from the surface down to about 15 em below the surface. The tow 
from a canoe usually lasted about 15 min. Plankton were flushed 
from the collecting bucket with lake water into 10 liter plastic 
bags containing about 2-3 liters of lake water. The bags were 
either breath-infl.ated or inflated with 02 and the top of the bag 
was doubled over and secured with a rubber band. The bags were 
placed in an ice chest with ice until they were returned to the laboratory 
where the collections were transferred to aerated aquaria in a constant 
temperature chamber at ~bout 10~12C {45-55~). ~ Some .of the copepcids 
collected (Eucyclops agilis) were transferred to aerated aquaria at 
room temperatures about 21C). Food in the form of strained hay 
infusion was provided as needed, indicated by the clearing of the 
aquarium as the food was consumed. Some of the copepod ~ultures 
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were fed Daphnia sp. 

Tapeworm eggs from pelican feces qnd from gravid proglottids were 
used in incubation experiments, .Three such experiments were 
condticted with the eggs from · the pelican; ·the fJrst, with eggs 
stored about 25 day·s·; the · second, wi' th eggs stored about f5.0 days; 
and the third with eggs stored for about 250 days. In the first 
two experimental in.cubation trials, the eggs were exposed to two 
temperat(Jre regi·mes, lOC ·and 21C~ In the. final incubation experiment, 
eggs were incubated only at .the higher temperature. When removed 
from refrigeration they· were plac.ed in 7.5 ml ··flasks containing 
about 50· ml oJ · lake water and were agitated (180 strokes/min) and 
aerated. Development was followed by removing a sample of eggs 
at intervals and examining them microscopically. · Photomicr-ographs 
of eggs and other · stages were made using color transparency film 
in .a 35 mm slr camera mounted on a Zeiss Research Microscope. · 
Following development, and on hatching of the eggs' the contents of 
the flasks were centrifuged at 1000 RPM and the pelleted ~aterial 
was pipetted from the tubes into well slides. Copepods . were. collected 
from the aquaria using a 60 ml syringe to withdraw some of the bottom 
contents.; This material was expressed . into a petri · di ·sh in small 
amounts and examined under the stereomicroscope. Copepods were 
~ndividually pipetted from the petri dish into the well of the 
~lide containing coracidia. Usually, about 6-1~ copepods were added 
to a single we.ll containing 20-25 coracidia. Three such well slides, 
each :with 2 well containing copepods, coracidia, ·and some unhatched 
eggs were placed in a moist chamber. consisting of a folded piece 
of moistened Whatman filter paper in the lid of a 15 em petri dish 
covering the slides in the bottom of the dish. These preparations 
were held at room temperature for as long as 24 hrs. At the end 
of this period, some of the copepods were examined microscopically 
for evidence of infection. The remaining copepods were transferred 
to .lake water in 5 em plastJc petri dishes and returned to the 
moist chamber. Copepods were examined dally following exposure . . 
Procercold stag~s, seen in situ or . broken out of the copepod when 
it was slighly crushed, were photographed in the same manner used 
for ·the eggs. 

Hatchery reared cutthroat trout and laboratory reared grayling were 
fed experimentally infected copepods following various periods ·of 
incubation. The fish were maintained for various period·s of time · 
and then necropsied for evidence of infection. 

Results 

Unembryonated eggs of~- cordiceps are small, ovoidal·, opercu·late 
and possess a knob or boss on the abopercular end. They contain · a 
number of cells and vitelline granules. Measurements of fecal 
eggs and .. eggs f.rom tapeworm ·p.roglottids in the pelican are given 

· i~ Table~- · · 
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The embryo ((:orac i d i um}, as · it · develops within the egg, first 
appears as a sphertcal mass with an outer limiting boundary~ the 
ci 1 fated embryophore, though no ci· l iary action was seen in the 
unhatched embryo. Varlou.s other features of the developing embryo 
were apparent by day· ·14 of lncubation, the three pairs of. embryonic 
hooks being the most notable. No flame cell activfty was noted In 
unhatched or hatched ·embryos. _Eggs hatched following- 15-22 days 
of incubation, dependlrig on temperature. Results of the three In
cubation experiments a·re sullJTlarized In Table 2. Seme incubated, 
fu -11 y-deve 1 oped, t,mhatched egg-s were held at .-1 DC wt thout further 
_agitation for up . to 35 days. before being exposed to l_ight and allowed 
to hatch. 

Hatching 

After short to · long exposures to bright 1 ight, eggs appeared to 
hatch spontaneouily. There was no indic~tion w~en a particular egg 
was about to hatch, except, in some instancesa slightly loosened 
operculum was noted just before. · hatchl~ng, The first event in hatching 
was the sudden release of the opercular cap which opened and extended 
perpendicularly. The coracidium, still retained within the vitelline 

· membrane, emerged through the opercular· opening. Almost immediately 
the coracidium. escaped, rapidly swam away, turning and spinning. 
Vitelline granules and other material streamed from the hatched egg 
coincident with the vitelline membrane collapse, following escape 
of the coracidium. A species of Stylonichia, a ciliated protozoan 
much larger than the coracidium, was observed feeding on the ~gg 
contents following the escape of the coracidium. Coracidia were 
never observed to attract or to be bothered by such organisms. 
The presence of these ciliated protozoans in the lake water cultures 
may have been beneficial h~lping to keep down populations of bacteria. 

Corac-idia 

Free-swimming coracidia are sperical, ciliated organisms. The 
ciliated embryophore surrounds the pyriform hexacanth embryo. 
Typically the coracidium swims with the embryonic hooks located 
posteriorly. Swimming activity was continuous and generally at the 
water surface, although coracidia were seen at all levels within 
the water column. Coracidia were concentrated by centrifugati'on 
(1000-1500 RPM/10 min) for use in feeding experiments. Detailed 
studies of the structure of coracidia are still in progress. 

Infection of Copepods 

Several species of Yellowstone Lake plankton organisms were returned 
to the laboratory. The copepod, Eucyclo}s agilia, grew and reproduced 
readily at low (10C) and ambient ca. 21C temperatures. About 6-10 
specimens, usually gravid females, of this species were exposed to 

-101-



H
os

t 

W
hi

te
 

Pe
 1

 i c
an

 

I 
Do

g 
- 0 N

 I 

. C
at

 

H
am

st
er

 

·B
ea

r 

TA
BL

E 
1 

M
EA

SU
RE

M
EN

TS
 

(u
rn

) 
OF

 
EG

GS
 

OF
 D

IP
HY

LL
OB

OT
HR

IU
M

 C
OR

DI
CE

PS
 

RE
CO

VE
RE

D 
FR

OM
 V

AR
IO

US
 

HO
ST

S 
BY

 V
AR

IO
US

 
I
N
V
E
S
T
I
G
A
T
O
R
S

~ 

A
ut

ho
r 

n 
X

 

L
en

gt
h 

W
id

th
 

L
en

gt
h 

T
hi

s 
St

ud
y

· 
24

 
68

.8
2 

44
·. 7

6 
57

-8
0.

75
 

C
ro

sb
y 

63
. 1

 
42

.9
7 

-5
5.

6-
66

.3
 

S
co

tt
 

65
.0

. 
41

 .
 0

 

T
hi

s 
St

ud
y 

20
 

61
 .2

0 
42

.0
6 

57
.5

-6
6.

5 
C

ro
s.b

y 
61

.8
6 

4-1
 . 6

1 
55

.6
7-

67
.8

8 
S

co
tt

 
66

.0
 

45
.0

 

T
hi

s 
St

ud
y 

54
 

56
.7

4 
37

.5
8 

53
.2

-6
1.

6 
S

co
tt

 
61

 .
 0

 
45

.0
 

T
hi

s 
St

ud
y 

40
 

58
.3

1 
39

. 1
 

48
.8

-6
6.

7 

S
co

tt
 

62
.0

 
45

.0
 

I 

R
an

ge
 

W
id

th
 

41
.2

5-
52

.4
8 

38
.5

2-
48

.8
1 

39
.1

-4
5.

08
 

38
.5

2-
56

.2
6 

36
-4

0.
0 



In
cu

ba
ti

on
 

I -
1 

0 w
 I 

2 3 

*F
or

m
ed

 
B

od
y 

Se
en

 

**
E

m
br

yo
ni

c 
H

oo
ks

 
Se

en
 

TA
BL

E 
2.

 

D
ev

el
op

m
en

t 
an

d 
H

at
ch

in
g 
o
f
~
·
 

co
rd

ic
ep

s 
eg

gs
 

U
nd

er
 

V
ar

ia
b

le
 P

er
io

d
s 

o
f 

D
or

m
an

cy
 

an
d 

In
cu

ba
ti

on
 T

em
pe

ra
tu

re
s 

N
o.

 
D

ay
s 

E
gg

s 
D

ay
 

D
ev

el
op

m
en

t 
In

 
S

to
ra

g
e 

F
ir

st
 N

ot
ed

 

10
C

 
21

C 

25
 

14
1d

~ 
8*

 

15
0 

13
 

13
 

25
0 

Oc
:ly

 
eg

gs
 

.H
at

ch
ed

 

1 o
c 

21
C 

21
 

19
 

20
-2

2 
16

-1
7 

15
-1

9 



c 
concentrated coracidia in well slides for up to _24 hrs. Some of these 
copepods were examlned microscopically at the end of this period for 
evidence of infection by . O) observing procercoids or embryonic hooks 
in situ in llve copepods lightly restrained under coverslip pressure, 
or "'(Zf'"observi'ng procercoi .ds expelled · from ruptured copepods. The 
remaining copepods were examfned fo~ evfdence of Infection daily 
for the next 7 days and . then on days 10, 13, l6, l8 and 20 after 
exposure. lnfectlons wi""th procer·coid stages were seen in copepods 
examined 1-13 days after exposure.. :No procercoid bodies could 
positively be identified in copepods examined after 13 days of 
exposure. However, embryonic hooks were found as late as 20 days 
after exposure in copepods cleared i·n Hoyer•s flufd. Almost all 
copepods examined during days 1-6 post exposu.re were infected. 
Subsequently, increasi~g numbers of n~gative topepods were encountered. 
This result likely represents a dilution effect owing to the relatively 
short egg-adu 1 t 1 i fe eye 1 e ·of this spe.c i es of cope pod. 

Copepods which had been exposed to_ coracidia 17 ... 18 days and 28-33 
days previously .were fed to hatchery reared cutthroat trout and 
laboratory reared grayling by stomach tube .. The fishes were negative 
for infection when exami.ned approximately 2 months following exposure. 

Natural Infections of Fish .with Plerocercoids. 

A total of 66 cutthroat trout were collected from various locations 
in Yellowstone Lake in ·1978-79. Plerocercoids · recovered from these 
fish were preserved for study or were used in feeding experiments 
(vide infra) to other potential intermediate or definitive hosts. 
Twenty-five (64%) of 39 fish examined in 1978 were infected with a 
minimun of 74 plerocercoids (numerous small cystic worms were noted 
in ~orne of these fish but not all were counted). In 1979, of 27 
fish examined, 25 (92%) were infected with 184 plerocercoids, a 
mean of 7.4 plerocercoids (Table 3). 

Visceral cystic worms typically were small; these cysts were prim
arily associated with the pyloric caeca, though some larger cysts 
were found in othe parts of the viscera. Visceral cysts usually 
contained but a single plerocercoid, however, on one occasion 
2 wo.rms were recovered from ·.a cyst and 4. small ·worms from another 
cyst. rn addition to the plerocercoid, _the cysts contained a tan 
homogeneous material similar to that seen in the normal ca~ca. · 
Occasionally, a visceral cyst was empty except for this material 
or sometimes the cysts held, not a plerocercoid but, a nematode of 
the genus Bulbodacnitis. · 

Pler.ocercoids free in the body cavity were larger than cystic worms 
but did not reach the length of pleroc~rcoidi found in the flesh 

·of the fish. Plerocercoids in the muscle tissue were found free 
. (i.e., not enclosed in a cyst membrane) . tho_ugh they were intertwined 
and folded in the flesh. Careful dissection of the s~rrounding 
muscular tissue was required to free the worms. 
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All of . the plerocercoi.ds reJlJ~lned ~1 i.ve~ active, ~nd {nfective in 
the refri.gerqted fl~h. h.ost for up to 8 dqys.·t · Plerocercolds were 
collecte.d", washed (n Or85% s~l ine and bri'efly · refr:i.'gen:tted before 
be i·ng fed to other hos-ts~ Both small and 1 arge worms became very 
act. i·ve rapid 1 y extend {'ng and con t rae t l.ng . the. body . when . p 1 aced i· n sa 1 i ne. 

Feeding of ·r1erocercolds · t~ ·Potent tal ·· Fi·sh ·Hosts 

A 15 em hatchery-reared cutthroat trout was fed 10 p lerocer-co i. d~ 
per~ by stomach tube . . The experi'mental ·fish died 67 days .later 
with no external sfgns of infection. Upon necropsy, . thi~ fish was 
found to be lnfecied with 5 plerocercoids free in the body cavity, 
2 other plerocercoids .located retrope~itoneally ·(1 near the kidney; 
1 on the inner body wal ·l surface near the cinus), an~ 3 visceral cysts, 
attached to . a pyloric caecum and 2 imbedded in the stomach wall). 
Four of the free plerocercoids from the body cavity and outside the 
peri·toneum were fed per os by stomach ·tube to another hatchery-reared 
cutthroat trout. The remaini'ng worms were fixed. No plerocercoids 
were recovered · when the secon.d experimental · trout was exam.ined 130 
days post exposure. tn another experiment; 6 small cystic worms 
from a naturally i'nfected cutthroat trout were fed per~ by . stomach 
tube to a laboratory-reared grayling and 6 larger worms to another 

· grayling. These grayl i.ng were negative for i.nfection on n·ecropsy 
120 days post exposure; 

Six other grayling have been exposed per os to small to medium 
sized cystic wor.ms, to scolices only (removed from large worms) 
and to the bodies of p1erocercoi.ds lacking scolices. These fish 
have yet to be exanined for evidence of infection. 

Feeding of P 1 eroce.rco ids to Mamma 1 ian Hosts 

In 1978, a 6-year old, mongrel male dog and a human volunteer 
considered negative for tapeworm Infection by fecal examinati·on 
(screening) were fed a mixture of 17 small and large plerocercoids 
and 14 plerocercoids, respectively. Subsequent fecal examinations 
on days 15, 20, 25, and 30 post exposure revealed no tapeworm eggs. 

In 1979, the same dog and human volunteer were fed 10 and 11 plerocer
_coids, respectively. Also, 2 hamsters were fed 2 plerocercoids. 
each ~ ~by stomach tube. The hamsters passed tapeworm eggs 
in their stools (collected over water) on .day 9 following exposure. 
The human volunteer was negative on day 9 and on all subsequent 
examinations. Tapeworm eggs were detected in the stool of the dog 
on day 10 following exposure. The dog continued to pass eggs, 
though in dec.reasi·ng numbers, . for 3 ·days, then the stool was negative 
thereafter. The hamsters continued to pass eggs for 12 days following 
patency. At necropsy on day 21 post exposure one hamster was positive 
and one negative by stool examination, but no worms or worm fragments 
were reco.ve red . The worms a ppa rent 1 y had been d i ges ted and the eggs 
found in the feces of one hamster. were considered residual eggs 
passed after the worm had been d_igested. 
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The ~:~me d,oS,J 32 d~y$. fQ.llQW~_n_s . tne prevtou~ exposure . ~9s exposed 
for . the 3rd _t(roe. to 6 l~_ rge : plerocercold~ t·n h.~mbu_ r~er! A kitten 
wa.s si~ roi.'la.rly, expos-ed .to~ mt'>,<ture of 8 sm~dl .-and 1q_r9e worms·, . Si'x 
ha.ros-te rS: (2 ma.l es· ;· 2 fe.ma 1 e.s,, and a. ma 1 e- feffl~ 1 e pat r were exposed 
per · os by· s-toma.ch tube; . the 2 ·ma. 1 es c:md . the 2 fema 1 es rece lved 1 
lo_ng and 1 short wor·ro each~ ·- the male ... ·female palr received 2 small, 
cystic worms each , .The stool of the . dog was negative on days 4 
and 5 followi'ng expos-ure; eggs were ffrst seen. ·ln .the stool of the 
dog on day 6 ·by di'rect mtc·r-os·copi·c exami· natlon~ The dog was ne ... · 
crops J·ed on day 7 • . S i'x mature intact tapeworms measur-ed between 
15-45 em in le_ngth by apprwdmately· J em dlstal ·to the pylorus. 
Eggs were detected ln . the stool of . the cat on day 10 by· di·rect micros- · 
copic examinatron followlng admi'nlstrati'on of an enema. The cat 
was nevrops fed and two ma.ture worms, on 30 em and the other 40 em 
in le_ngth, were recovered. A male hamster necropsied on day 10 
following exposure contai'ned a tapeworm measuring 15 x 1 em. 
Comparatively, a female hamster was negative. ·o·n day 1'1, necropsy 
of a female hamster produced a . 7 - - 2( ~· 1 , cm mature worm. Comparatively, 
necropsy of a male hamster produced negative results. The remaining 
male hamster continued to pass eggs and was necropsied 16 days 
followi'ng exposure. Two worms · were recovered, one 8 x l em and 
the other 16 x 1 em. The remaining female hamster escaped and was 
not recaptured. All three groups of hamsters passed eggs in their 
stools, beginni'ng on day 6.. The male ... female pai'r, however, did not 
pass eggs untif 9 days post exposure and then only a few eggs were 
recovered. 
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HYBRIDIZATION BETW.EEN CUTTHROAT AND RAINBOW TROUT: 

Objectives 

EVtDENCE FROM BIOCHEMICAL GENETIC LOCI 

Eric J. Loudenslager 
G.A,E. Gall 

Fisheries Biology Research Facility 
Department of Animal Science 

University of California 
Davis, California 95616 

n 
',/ 

Cutthroat, Salmo clarki, and rainbow, Salmo gai rdneri, trout are 
largely allopatr~c, closely related species. Where naturally sympa-
tric ecological isolating mechanisms maintain species identity. However, 
the inla~d subspecies of cutthroat trout which did not evolve in 
sympatry with rainbows are thought to freely hybridize with rainbow 
trout which have been introduced for recreational purposes. Because 
of the mass introducti'ons of rainbow trout fish managers have become 
increasingly concerned about the purity of the dwindling stocks of 
native cutthroats. 

Several methods, including the Hubbs Hybrid Index, principal com
ponents and discriminant function analysis of meristic and morphological 
characters and chromosomal and electrophoretic analysis of genetic 
characters have been used by ichthyologists to identify putative 
hybrid individuals. Regardless of the method used any analysis of 
hybridization must include a sufficiently large geographic sampling 
of both parental species as well as known F1 hybrids if wild hybrids 
are to be identified reliably. · 

Recently, studies of geographic protein variation and chromosome 
variation in cutthroat ·trout (Loudenslager and Thorgaard, 1979; 
Loudenslager and Gall, 1980) have demonstrated extensive genetic 
divergence among subspecies inhabiting isolated basins and drainages. 
These studies provide the necessary baseline data to describe the 
extent of genetic variability expected in pure cutthroat trout . 
populations. Busack et al. (1979) provide data on several hatchery 
stocks of rainbow trout.--Comparison of the Busack et al. (1979) data 
and recent collection from northern California (LoudenSTager and Gall, 
unpublished ·data) with cutthroat trout indicate that several biochemical 
genetic loci should be effective markers of rainbow X cutthroat trout 
hybridization. These include creatine kinase (CK), general muscle 
protein (GMP), peptidases PEP 1 and PEP 2), and malic enzyme (ME). 
However, for a genetic locus to be an effective marker of hybridization 
the F1 generation must exhibit a combination of the parental banding 
patterns~ This has been confirmed for the above proteins in a 
rainbow (Kamloops Junction Stock) X cutthroat (Henan Lake Stock) _ 
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experlmental cross rout{nely perforiTJed by the California Department of 
Fish and Game (~oudensl~ger, 1979). 

Wfth the baseline data collected a concerted search for hybridized 
populations was inittated I~ 1978. Several tributary streams in the 
Walker River drain.age, C9l ifornia were found to be inhabited by trout 
populations consisting of cutthroats, rainbows and their hybrids. No 
hybrids had yet been. identified withi·n Grand Teton or Yellowstone 
National Parks. Consequently, the search for hybridized populations 
was continued during the stimmer of 1979. 

Methods 

With the aid of JQhn Varley 7 USFW$-Ye.llow~tone National Park, 
populati·ons were selected as putative hybrids and collected during the 
summer of 1979. Populations were selected on the basis of havin.g been 
planted with rainbow trout as lndi·cated by park plantlng records or 
by havfng trout that phenotypically exhfbited colorati~n and spotting 
patterns hypothetically expected in putative hybrids, and included 
Wolf Lake outlet, Rose Creek, upper and lower Slough Creek {2 samples), 
Buffalo Pork Creek, Soda Butte Creek, and the Yellowstone River . below 
the lower falls within the Yellowstone Canyon. 

Enzymes including aspartate amino transferase AAT), alcohol dehydrog
enase (ADH), alpha-glycerolphosphate dehydrogenase (AGPDH), creatine 
kinase (CK), beta-galactosidase (bGAL), diaphorase (DIA), fumerase 
(FUM), isocitrate dehydrogenase (IDH}, lactate dehydrogenase (LDH), 
malate dehydrog~nase (MDH), malic enzyme (ME), para-albumin (pALS), 
peptidase (PEP), phosphoh~xoseisomerase (PHI), 6~phosphogluconate 
dehydrogenase (6PGDH), phosphoglucomutase (PGM), phosphomanoseisomerase 
(PHI), sorbitol dehydrogenase (SOH), superoxide dismutase (SOD), and 
general muscle protein (GMP) encoded by 42 genetic loci were screened 
in all populations using the buffer systems outlined in Loudenslager 
andGall (1980). · 

Results 

The products of 42 genetic loci have been analyzed in seven trout 
populations suspected of being composed of Yellowstone cutthroat · 
trout (S. c. bouvieri), rainbow trout (S. gairdneri) and their hybrids. 
Allele frequencies for the discriminating loci, creatine kinase, malic 
enzyme, peptidase 1 and 2, and general muscle protein are presented in 
table 1 along with allele frequencies for populations which are pure 
representatives of each species. From this analysis it i~ apparent 
that the samples from lower Slough Creek, Buffalo Fork· ereek, Rose 
Creek, and Soda Butte Creek represent trout populations that are a 
mixture of cutthroats, rainbows, and thefr ·hybrids. The Yellowstone 
River and upper Slough Creek samples represent populations of cutthroat 
trout with no detectable rainbow trout influence whereas the Wolf Lake 
outlet sample represents a population of rainbow trout with no detect-

-109-



able influence of cutthroat trout, 

The hybridized populations can be further analyzed by identifying each 
indivi"dual in a gfven population as a cutthroat trout, a r~linbow trout, 
an F

1 
hybrid, o.r a backcross or F2 or_ greater,hy~ri~ · (i~ the final 

catagory both backcross and P or greater are •ndast1nqutshable 
el~ctrophoretically and must ~e ~rouped together eventhough they 
result from different mati·ng pa.irs) on the basis of ·thefr composite 
enzyme phenotype; This a~alysis uses . the .criteria. that tndividuals 
hete~ozygous for all of :the disc~lmfnati~g · locl are classffi~d as F

1
; 

that individuals homozygous for the cut~hroat alleles at all the 
loci are cutthroats. that indi'vlduals homozygous for · the rainbow trout 
alleles at all of the loci are rainbows; and that individuals homozygous 
for the cutthroat or rainbow allele at one locus and either homozygous 
or heterozygous .for the alternate allele at other loci are backcross 
or F2 0~ greater~ Because .not every ltnkage group is marked, this 
analysis is of course ohly an e~tfrnate of the structure of these 
populations. fhe results of this analysis are presented in table 2 
and reveals substantial dlfferences in ·the structure of · the hybridized 
populatlons. Lower Slough Creek, Rose Creek, and Buffalo Fork Creek 
are cl~ss!fied as hybrr"d swarms· ':"ith cutthroat, rainbow! ·F1 , . and back
cross andJvlduals present. Wfthrn all of· these populataons backcross 
individuals are present in greatest abundance, There are differences 
among these populations in the minor components. In lower Slough 
Cre.ek cutthroat trout are in greater abundance than rainbow trout 
while the opposite situatio~ is observed in Rose Creek and Buffalo 
Fork Creek. Soda Butte Creek is predominated by cutthroat trout with
out any rainbow or F

1 
individuals and only a few backcross individuals. 

This population is best classified as introgressed. That is, past 
hybridization has resulted in the incorporation of rainbow trout 
alleles in to Soda Butte population gene pool. 

Conclusions 

Biochemical genetic data collected previously in California and Nevada 
(Loudenslager, 1979) and currently in Yellowstone National Park support 
the hypothesis that cutthroat and rainbow trout can and will hybridize 
when sympatric. In addition, the biochemical data has quantified -the 
extent of introgression and provided insight into the dynamics of 
rainbow X cutthroat hybridization. , 

A principal finding of this study is geographic variation in the extent 
of rainbow X cutthroat trout hybridi"zation. Almost every conceivable 
outcome of the mixing of cutthroat and rainbow trout has been observed. 
Within Yellowstone National Park hybrid swarms which consist of cut
throat and rainbow trout and both P1 and backcross hybrids have been 
discovered. Several cutthroat populations in tributaries to the 
Humboldt River, Nevada exhibit no detectable hybridization and rainbow 
trout are presently absent eventhough hundreds of thousands of rainbows 
were planted from 1900 to 1950. r-"n Long Canyon Creek, Nevada the 
trout population consists of cutthroats and rainbows with no detectable 
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evidence ·of hybridizat~on, The last recorded plant of rainbow trout 
was in. 1947 s.u.ggestlng .tttat . the sympatry without hybridization is in 
thi-s cas·e stable~ On .the other extreme, Wolf Lake, Yellowstone 
Nati·onal Park wa> planted wi·th cutthroat trout in about 1910 (Varley, 
per. c011l1l.) and the records· ·indicate .that .a self. perpetuating population 
was established, Rainbow trout were planted in the lake ·about 1925. 
The biochemical genetic analyst's indicates that only rainbow trout are 
present now. fn this case · it appears that rainbows have successfully 
replaced the cutthroat populatton, · 

The large proportion of backcross · indfviduals in many hybrid swarms 
provides ample evidence that hybrids ~re fertile and can reproduce. 
Thus, the ·geographic variation observed in the extent of ·hybridization 
is not due to a lack of genetic compatability among these species. 
Our results s.uggest . tha·t .the outcome . is probably influenced by ecolo'gical 
variables, although this remains tobe experimentally demonstrated · and 
enumerated. · · 
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Table 1. Allele frequencies at select biochemical genetic loci in 
Salmo populations. 

loci Populations 

2 3 4 5 6· 7 8 9 
CK 100 1.00 0.59 0.46 0.55 0.04 1. 00 

85 1.00 0.41 l. 00 0.54 0.45 0.96 1.00 

ME 125 1.00 0.67 1~00 0.57 0.31 0.96 1.00 
100 1. 00 0.33 0.43 0.69 0.04 1. 00 

PEP-1 160 1. 00 0.61 1.00 0.50 0.28 0.96 1. 00 . 
100 1. 00 0.39 0.50 0.72 0.04 1.00 

PEP-2 l10 1.00 0.46 1.00 0.54 0.23 1.00 1. 00 
100. 1.00 0.54 0.46 0.77 1.00 

GHP 110 1.00 1. 00 0.57 0.67 1.00 1.00 
100 .a.- ... - ... - .... - 0.43 0.33 1.00 

1 • 
4. 
7. 

Yellowstone lake; 2. ~- gairdneri (RTD); 3. 
Upper Slough Creek; 5. B(Jffalo Fork Creek; 
Soda Butte Creek; 8. Yellowstone River; 9. 

lower Slough Creek; 
6. Rose Creek; 
Wolf Lake outfet. 

Ta&le 2. Distribution of cutthroats, rainbows, F1, and backcross 
hybrids in Salmo populations. _ 

Po2ulation Cutthroats Rairi&ows _fj_ y ::Backcross 

Slough Creek 7 7 22 

Buffalo Fork Creek 2 0 10 

Rose Creek 0 . 3 14 

Soda Butte Creek 18 a. 0 4'. 
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Objective 

The objective of our 1979 res.earch activities in Yellowstone 
National Park was to obtain photoelectric trail counts of hikers 
and backpackers using backcountry trails included in our 1978 
backco~ntry trail use study. In the design of the 1978 study~ the 
Park Service was to furnish 14 photoelectric trail counters. The 
counts from these trail counters were to be the base for the estimates 
of total backcountry use. The number of users recorded by the trail 
counters for each trail was to be correlated with the number of trail 
users recorded on the trailhead registration forms to develop 
expansion ratios for the various trails. With these ratios, esti
mates of total backcountry use could be ascertained in future years 
by multiplying the number of trail users recorded on the registration 
forms by the appropriate expansion ratios. 

As part of our study agreement, the Park Service was to furnish 
14 photoelectric trail counters for our use during the summer of 
1978. The counters were ordered but the manufacturer did not send 
the counters until the summer use season was essentially over. · 
This phase of the study could not be completed although all other 
work elements were completed as planned. A decision was made jointly 
by the principal investigator and the Park Service to continue the 
study during the summer of 1979 to obtain the photoelectric trail 
counts. 

Results 

The photoelectric trail traffic counters performed well. There 
were two mechanical failures and two instances of tampering during 
approximately 650 counter operating days. The revised form used 
in the self-registration stations was easier to understand and 
yielded more complete information than the form used in 1978. 

While analysis of all of the data has not yet been completed, 
a few observations have already been made. The decrease in the 
number of visitors coming to the Park during 1979 did not result 
in a corresponding decrease in the number of hikers. Certain 
popular short hikes showed the greatest reductions in use, but some 
trails seemed unaffected and a few showed increased use. 

Analysis of observation data on party registration behavior did 
not reveal the striking differences in registration rates associated 
with particular party characteristics that have been noted in 
other studies. Estimated registration rates for trails within the 
study are fairly uniform in spite of a varying mix of user types. 
Most major user groups are not underrepresented by the estimates 
obtained using a single registration rate. 
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Work to be Cqm.pleted 

The data collected in 1979 will be used together with the data 
previously collected to examine trends and levels of backcountry 
use. All of the analyses and results will be presented together 
in the final report. 
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BIOCHEMICAL ECOLOGY OF EXTREMELY THERMOPHILIC BACTERIA 
1979 FIELD STUDY IN YELLOWSTONE NATIONAL PARK 

Objectiyes 

Robert F. Ramaley 
Department of Biochemistry 

University of Nebraska Medical Center 
Omaha, Nebraska 68105 

and 

L i 1 y A. Jones 
Department of Immunology and Microbiology 
Wayne State University School of Medicine 

Detroit, Michig~n 48200 

.The primary objective of the brief (one week) 1979 summer field studies 
conducted in Yellowstone National Park was to collect samples of the 
pink filamentous bacterial masses growing at 80-90° C in two Yellow
stone hot spring runoff channels (Octopus Spring and Artist's Paint-

_pots) for subsequent biochemical analysis. In addition, samples were 
also taken from the runoff channels for bacterial culture and 
isolation o.f extremely thermophilic bacteria (including actinomycetes) 
and some additional Yellowstone thermal areas were also surveyed for 
the presence of the pink filamentous bacterial masses. 

Procedures 

The samples for subsequent culture of bacteria were collected i.n 
sterile 10 or 50 ml plastic centrifuge tubes or sterile Whirl-Pak 
bags, transported to the University of Wyoming National Park Service 
Center (US-NPS), and stored at refrigerator temperatures. 

Because of the short time available for the 1979 field studies and the 
limited equipment that could be brought .from· Omaha, the only samples 
cultured at the UW-NPS center were ·those for the extremely thermophilic 
actinomycetes (65° C). These samples included those from various 
points in the runoff channel of Octopus Spring. A few additional soil 
samples from other Yellowston~ thermal areas were also taken for later 
culture at Wayne State University (media indicated in Appendix). 
The med i urn for the qua'nt i tat ion of Thermus type i so 1 ates was the 0.1% 
w/v yeast extract, 0.1% w/v tryptone, Castenholz salt medium, 
pH 8.0 previously reported (Ramaley and Hixson, 1970} and the medium 
for thermophilic Bacillus isolate~ was standard Nutrient Agar (pH 6.8). 

Th~ samples for biochemical characterization were collected by placement 
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of sterilized (autoclaved) cotton strings (loops) across the runoff 
channel of Octopus Sprlng and one small spring in the Artist's 
Paintpot area (the sprfng to the right as one faces the bluff). 
The strings were anchored with concrete nails. After one week the 
strings ·from the Octopus Spring (with attached bacteria) were remqved 
and taken to the UW-NPS ·center, transported to Omaha-on ice, and stored 
at -20° C. The bacteria accumulating after one week in the Paintpot 
area were stripped off the strings,

0
placed in sterile bag~, tran

sported to Omaha, and stored at -:"20 C. The Palntpot st-rings were 
left in for an addi·tional month, at· which time al ·l but one set 
w~re removed by Fred Hirschmann (NPS), and sent to Omaha. One 
string set was left in the runoff ~hannel by Mr. Hirschmann to ~ee 
what extent of bacterial mass will be -accumulated on this string set 
by next summer. (Similar over-winter string sets had been previously 
obtained from the Octopus spring runoff channel (1978 Field Studies . 
Report to UW-NPS Center). · 

Results 

Biochemical analysis of the bacterial masses has been set aside 
temporarily because of th~ observation that ·the bacterial mass ~onsists 
of two different bacteria. However, we have made one very interesting 
observation. While the pink pigmentation of the masses from Octopus 
Spring appear to be carontenoid (extraction by acetone; Bauman and 
Sinvnonds, 1969) · the pigmentatf.on of the masses from Ar.tist 1 s Paintpot 
bacterial mas~es are not acetone soluble and the masses from Artist 1 s 
Paintpot also seem to be morphologically different ·from those of the 
runoff channel of Octopus Sprin~. 

Culture of these pink filamentous bacteria under standard laboratory 
conditions has still not been possible as of this time using a wide 
variety of media and conditions including anaerobic conditions. Since 
these bacterial masses consist of two different bacterial types 
(as determined by thin section electron microscopic observation) 
and since neither of them seem to be cu·lturable as a heterotrophic 
bacterium it is probable that they derive some mutually advan-
tageous benefit from their growth together in the upper end of the hot 
springrunoff channel. ,Present studies are currently underway to 
determine the possible source of energy for growth of these bacteria. 
Ramaley and Cook (1979) showed that one of the bacteria has some type 
of intracellular vesicular structure that resembles, but is not 
identical to that found in photosynthetic bacteria. 

Examination of th~ samples cultured at UW-UPS Center and at Wayne 
State by L. Jones have shown that thermophilic actinomycetes are not 
readily isolated and do not appear to particigate as major contributors 
to the microbial ecology of the upper end (60 -90°C) of hot spring 
runoff channels has also been reported (M. Tansey, Indiana U., 
personal communication). 
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Conclusions 

From preliminary studies of the pink bacterial masses from the upper 
end of the runoff channels (temperature 80-92° C) of Octopus Spring 
and one of the springs of the Artist's Paintpot area, it appears ·that 
the two populations. may be more different than originally thought. 
For example,- the pink pigmentation of the Octopus· Spring mass.es is 
easily removed by acetone extraction suggesting as postulated by 
Bauman and Simmonds (1969) that they a·r·e carotenoids. · However, 
the p_igmentation of the masses from Artist's Paintpots is not extract
able by acetone or otheF orga~ic solvehts; There also appear, to be · 
some morpho log i ca 1 ·differences between the two masses and scanning 
electron microscopic studies are planned :for the future. 

From the bacterial culture studies conducted by L. Jones at UW-NPS 
Center and followed up at Wayne State University,- it appears that 
thermophilic actinomycetes do not play any numerically important 
role in the microbial ~cology in the upper ends of the runoff channels 
at Octopus Spring. Enrich.ment and direct plating of these samples · 
yielded only Thermus aquaticus (Brock and Freeze, 1969) type bacterial 
isolates a.nd Bacillus sterothermophi lus t·solates. Further attempts 
to obtain the bacteria in laboratory culture from pink bacterial 
are conventional hetertrophic bacteria capable of growth in conventional 
or low organic bacterialogical media. 
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Appendix I. MEDIA USED IN ATTEMPTS TO ISOLATE THERMOPHILIC ACTIN011YCETES 

1. Czapek's agar (Cz) 

NaNo 3 2 gm 
K2HP04 1 gm 
MgS04-7H20 0.5 gm 
KCl 0.5 gm 
FeSo4 0.01 gm 
Sucrose 30 gm 
.Agar 15 gm 
H20 1 liter 

2. Glucose-asparagine agar ·(Glu-Asm) 

Glucose 
Asparagine 
K2HP04 
Agar 
H20 

10 gm 
0.5 gm 
0.5 gm 
15 gm 
1 liter 

3. Glycerol-asparagine agar (Gly-Asm) 

Glycerol 10 gm 
Asparagine 1 gm 
K2HP04 1 gm 
Agar 15 gm 
H20 1 liter 

4. Peptone-yeast extract (PY) 

Peptone 5 gm 
Yeast extract 3 gm 
Ca(N0 3 ) 2 0.5 gm 
Agar 15 gm 
H20 1 liter 

(pH 6. 6) 

{pH 6. 8) 

(pH adjusted to 7.0) 

5. Tryptone-yeast extract, glucose (TYG) 

Tryptone 
Yeast extract 
Glucose 
K2HP0 4 
KH2PO 
Agar 
H20 

5 gm 
3gm 
lO .gm 
1 gm 
0.1 gm 
15 gm 
1 liter 
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Appendix I. Media (continued) 

6. Reproductive medium 1 • . (RM-1) 

7. 

sol 

Glucose 
Peptone 
Yeast extract 
Casomino acids 
MgS04 
Agar 
H2 0 

10 gm 
2 gm 
2 gm 
2 gm 
0.5 gm 
20 gm 
1 liter 

Actinomycete medium - simple 

!-Glucose 10 gm 
Agar 15 gm 
MgSO -7H 0 0.5 gm 
H20 750 ml 

(MIS) 

sol 

''·-::-. 

2-K2HP04 2 gm 
NH4No3 2 gm 
H20 250 ml 

After autoclaving, two solutions are mixed and dispensed - (pH 6.8-7. 

8. Minimal actinomycete medium (MAM) 

sol !-Glucose 20 gm sol 2-Succinic acid 0.5 gUt 
MgS04 0.5 gm K2HP04 5.0 gm 
NH4N03 2 gm H20 250 ml 
Asparagine lgm 
Agar 15 gm 
H20 750 ml 

Each solution adjusted to (pH 7.0), autoclaved, mixed and dispensed 

9. Hopwood's minimal medium (MM) 

10. 

Glucose 
Asparagine 
K2HP04 
FeS04 -7H20 
KOH 
Agar 

Sabouraud's 

Use prepared 

Ncopeptone 
Glucose 
Agar 
H20 

10 gm 
0.5 gm 
0.5 gm 
0.01 gm 
0.3 gm 
15 or 20 

agar .(Sab) 

plates ·from 

10 gm 
40 gm 
15 gm 
1 liter 

gm 

GIBCO 

11. Mycobiotic Agar 

Soy tone 
Glucose 
Agar 
Actidione 
Chloromycetin 

10 gm 
10 gm 
15 gm 
0.5 gm 

·o.o5 gm 

Used prepared plates from GIBCO 
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FOREST PIRE HISTORY IN RELATION TO LANDSCAPE 
DIVERSITY ON THE LITTLE FIREHOLE RIVER WATERSHED, 

YELLOWSTONE NATIONAL PARK 

Objectives 

William H. Romme and Dennis H. Knight 
Botany Department, University of Wyoming 

Laramie, Wyoming 82071 

Fire is now recognized as a major ecosystem p.rocess and Yellowstone 
National Park h·as recently implemented a fire management plan that 
permits ·lightning fires to burn without interference under certain 
conditions. To predict the kinds of wildfires we can now expect in 
the Park, and to evaluate the effectiveness of this plan in restoring 
fire to the Yellowstone ecosystem, it is important to know the natural 
frequency and size of wildfires under pristine conditions. This study, 
which began in 1977 and was completed in August 1979, had the following 
objectives: (1) to determine the incide~~e and size of major fires · 
during the last 300-400 years on the 73-km Little Firehole River 
watershed, an area dominated by extensive lodgepole pine and some 
spruce-fir forests; (2) to determine average fire frequency, i.e., · 
the time interval between successive major fi.res on any particular 
sites; (3) to determine the relationships between stand age or 
successlonal stage and fuel accumulation or the probability of fire; 
and (4) to examine the effect of ·fire on patterns of landscape 
diversity. Three components of landscape diversity were recognized-
richness, evenness, and patchiness. Richness is simply the number of 
different community types represented, while evenness is an expression 
of the proportion of the landscape covered· by each community type 
(maximum evenness 6ccurring when every type occupies an equal area). 
The patchiness component is based on the size and interspersion of 
the community types. 

Procedures 

Fire hi~tory was reconstructed with the method outlined by Arno and 
Sneck (1977). Fire-scarred trees are located and sectioned, and fire 
years are determined by counting the annual rings from the cambium 
back to the scar. Reproduction of shade-intolerant species (in this 
case Pinus contorta) following fires . is documented by taking increment 
cores from dominant individuals of all age classes present within a 
stand. Fuels were sampled with the planar intersect method (Brown 
1974) in stands ranging from very young to very old in the two pre
dominant habitat types (Steele et al. 1977) on the watershed. Other 
parameters of stand structu~e and site conditions that may influence 
fuel accumulation were also measured., such as infestation by insects 
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or mistletoe and site productivity. The data were examined for 
correlations between fu~l accumulations and par~meters of stand age, 
structure, and si'te. tn addition, the fuels data were used in 1a fire 
behavior model to further explore the relationships between stand age 
and flammability~ 

Using
2

the data on stand age and extent, a 1978 xegetation map of the 
73-km Little Firehole River watershed was constructed. Each stand 
was classified . according to vegetation type and successional stage. 
To recreate the vegetation mo.saic on . the watershed in 1778 we sub
tracted 200 yr from the age of each existing stand. On the resulting 
1778 map of stand ages we then determined ·the successional stage ot 
each stand, based ·on observations of the relati·onship between stand 
age and successional stage on the watershed today. We assumed that 
rates and patterns of succession in the recent past were similar to 
those of today. Our approach to landscape reconstruction was straight
forward except · in . two types of situations which are described in the 
final report (Romme 1979). ·A computer simulation model was .developed 
to predict changes in landscape diversity through time under 1) ~he 
natural fire regime, 2) tota·l fire exclusion, and 3) selective 
fire control (permitting only small fires t6 burn). 

Results 

Evidence was found for 15 fires since 1600, of which seven were major 
fires that burned:::. 4 ha, destroyed the existing forest, and initiated 
secondary success i.on (Tab 1 e 1). Two major fires in the m·i dd 1 e and 
late 1700's together burned half of the watershed, the other fires 
being comparatively small (Fog. 1). Fire frequency in this area is 
controlled by changes in the fuel complex during succession. Fuels 
capable of supporting a major fire usually do not develop until a 
stand is 300-400-yr fire cycle in which large areas burn during a 
short period, followed by a long, relatively fire-free period during 
which a highly flammab~e fuel complex again develops during forest 
succession. The 73-km study area currently appears to be about mid
way between major fire events in this cycle. This, rather than human 
fire suppression, apparently accounts for the small number and size 
of fires in the Little Firehole area during the last 150 yr. 

Based on the fire history data, the sequence of vegetation mosaics 
covering the Watershed during the last 200 yr was reconstructed. 
Indices of landscape diversity were computed for each reconstruction, 
treating forest types and successional stages as taxa and incorpor
ating components of richness, evenness, and patchiness. Landscape 
diversity was highest in the early 1800's ·following the : two large 
fi~es in th~ 1700's, then declined in the late 1800's and early 1900's 
during a 70-yr period when no major fires occurred and the landscape · 
was dominated by even-aged forests developing on the areas burned in 
the 1700's (Fig. 2). Landscape diversity h·as increased somewhat 
during ihe l~st half-century as a result of two small fires and the 
effect~ of the mountain pine beetle. 

-122-



I - N w
 I 

T
ab

le
 1

. 

FI
RE

 
YE

AR
 

19
49

 

ca
 

19
32

 

19
05

 

ca
 

18
90

 

ca
 

18
81

 

ca
 

18
60

 

ca
 

18
51

 

18
34

 

ca
 

18
27

 

17
95

 

17
55

 

17
39

 

ca
 

16
59

 

ca
 

16
43

 

ca
 

16
30

 

F
ir

e 
ye

ar
s 

si
nc

e 
16

00
 o

n 
th

e 
73

-k
m

2 
L

it
tl

e 
F

ir
eh

ol
e 

R
iv

er
 W

at
er

sh
ed

. 
M

aj
or

 
fi

re
s 

bu
rn

ed
 

>4
 

ha
, 

de
st

ro
yi

ng
 t

he
 e

x
is

ti
n

g
 f

o
re

st
 a

nd
 

in
it

ia
ti

n
g

 s
ec

on
da

ry
 s

uc
ce

ss
io

n.
 

. 
**

 
**

 
M

AJ
OR

 
P1

co
/C

ag
e 

A
bl

a/
V

as
c 

FI
RE

 
HA

BI
TA

T-
TY

PE
 

H
A

BI
TA

T-
TY

PE
 

FI
RE

 
SC

AR
 

SA
M

PL
E 

DA
TE

S 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

19
49

, 
19

49
, 

19
49

, 
19

49
, 

19
49

 

ca
 

19
32

 

1
9

0
5

,1
9

0
7

, 
ca

 
19

12
 

ca
 

18
88

, 
ca

 
18

89
 

ca
 

18
81

 

ca
 

18
58

, 
ca

 
18

59
 

ca
 

18
51

 

18
34

 

ca
 

18
27

 

17
92

, 
17

93
, 

17
94

, 
17

94
, 

17
95

, 
17

95
, 

17
95

, 
17

95
, 

17
95

, 
17

95
, 

17
95

, 
17

95
, 

17
96

, 
17

97
, 

17
97

, 
17

97
, 

17
97

, 
17

97
, 

17
97

, 
17

98
, 

17
98

, 
ca

 
18

02
 

17
55

 

17
39

, 
17

39
, 

17
39

, 
17

39
, 

17
40

, 
17

41
, 

17
41

' 
17

42
, 

17
42

, 
17

43
, 

17
43

, 
17

44
, 

ca
 

17
46

 

ca
 

16
59

 

ca
 

16
43

 

* 

*E
vi

de
nc

ed
 

by
 

ex
te

ns
iv

e 
35

0-
yr

-o
ld

 l
od

ge
po

le
 p

in
e 

fo
re

st
s.

 
**

P
ic

o/
ca

ge
 =

P
in

u
s 

co
nt

or
ta

-C
ar

ex
 g

ey
er

i;
 

A
b1

a/
V

as
c 

=
A

bi
es

 1
as

io
ca

rp
a~

Va
cc

in
iu

m 
sc

op
ar

iu
m

 



. ' 
I 

100 

80 

60 

40 

20 

0 0 w 
z 
0:: 
:::> 100 m 
<t 
w 80 
0:: 
<t 

60 
_J 

~ 40 
0 
t-
u. 20 
0 

~ 
· 0 

0 

100 

80 

60 

(a) Pi co /Cage HT 

.......... r···········: ··· ············,·········· 

1795 

1739 ...... . 

16~9. .... .... ... ......... . 1834 

(b) Abla I Vase HT 

1739 

5 

(c) Entire Watershed 

1600 1700 1800 

YEAR 

1905 1949 

1900 1978 

Figure 1. Sizes of docurrented major fires since 1600 in tne Pia:>/ca~ 
habitat-type (HT), Abla/Vasc HT, and entire Little Firehble 
River Waters~, expressed as percent of total area in the 
habitat-tYPe or Watershed, respectively. 'Ihe dotted line 
sh:Jws tbe CLmllllati ve area burned sinre 1600. · 

-124-



100 

90 

80 

70 

>-
~80 
ffi 
> 
2570 
w 
> -so 
ti _J . 

~50 
~ w z 
0 

~ 17 

16 

15 

14 

40 

20 

(a) Richness 

NATURAL 

' ' EXCLUSION ...._ ___ ... ___ _. ___ _. 

(b) Evenness EXCLUSION 

(c) Patchiness 

NATURAL 

SELECTIVE 

/ 

,. __ ___ 
__. / . 

-.-::::::--:e ---r EXCLUSION ___ .&.. __ _._ ___ • 

0/o Watershed Area Burned Under Natural Fire Regime 

1739 17 5 

1905 1949 

1778 1798 1818 1838 1858 1878 1898 1918 1938 1958 

YEAR 
Figure 2, Relative ridmess 1 relative evenness 1 and relative patch

iness an the Little Firehole River Hatershed s.i.ru:E 1778 
~r three different simulated fire regirres : natural fire 
- all fires allaYed to burn; selective fire central -
large fires excltrled, snall fires allCJNed to burn; total 
fire exclusion (see text) • 

-125-



• .. 

Discussion 

The landscape reconstructions for the last 200 yr suggest that the 
Little Firehole Watershed is a 11non-steady-state" system characterized 
by long-term, cyclic changes in landscape composition and diversity. 
Such cyclic patterns may significantly influence wildlife habitat, 
streamflow, nutrient cycling, and other ecological processes and 
characteristics within the Park, and may be an important consideration 
in judging whether recent ecological changes are natural or man
induced (see Romme 1979). There may be some level at which subalpine 
forests in Yellowstone National Park can be viewed as a steady state 
system. However, if such a condition 2xists the area must be _very · 
large, certainly larger than the 73-km watershed that we studied. 

The observed long-term patterns in landscape composition and diversity 
underscore the exhortations of Wright (1974), Sulltvan and Shaffer 
(1975} and others that in the est~blishment a~d management of natural 
areas for conservation -of biotic diversity care must be taken (1) 
to set aside a large enough area to rnclude a mosaic of all normal 
stages in ' community development, and (2) to allow natural processes 
of perturbation and recovery to occur unchecked. · Otherwise species 
and ecological pro~esses restricted to particular successional stages 
may be lost. The very large-scale patterns of perturbation and 
recovery characteristic of the Yellowstone subalpine ecosystem probably 
necessitate a much larger natural area here than might be required 
in some other ecosystems where individual perturbations are more 
frequent and affect a smaller area . 
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oojectives 

SMALL MAMMAL COMMUNITIES AFTER TWO RECENT 
NATURAL FIRES IN YELLOWSTONE NATIONAL PARK 

R. E. Moore 
M. A. Wood 

Biology · Department 
Montana State University 

·As part of the National Park Service's goal of maintaining a~ area in 
as natural condition as possible, Yellowstone National Park in 1972 
developed a fi r·e pol icy whereby natural fires were allowed to burn in 
wilderness areas of the park. Several investigators have studied the 
relations~ip between small mammals and fire due to timber management 
practices (Gashwiler, 1970 and Tevis, 1956) but few studies have 
investigated the changes in abundance and composition of species of 
small mammals after recent natural fires (Bendell 1974). 

The purpose of this ongoing study is to quantify the effects that recent 
natural fires have had upon small mammal communities. Two burn sites 
were studies, the Divide fire which burned in 1976 on the south arm of 
Yellowstone Lake, anq the Trail Creek Fire which burned in 1974 on the 
so~theast arm of the .lake. The specific objectives of the research 
during the 1979 field season were to: 

1. Resample the small mammal populations in both burn sites and 
adjacent unburned timbered areas along snap trap 1 ines 
established last year. 

2. Co 11 ect ·Stomachs of Peromyscus maniculatus and Clethrionomys 
gapperi to increase sample size for food habits analysis. 

3. Determine relative indices of pocket gophers in both the 
burned and unburned areas by mound counts. 

4. Experimentally test the possibility of competition between 
Peromyscus maniculatus and Clethrionomys gapperi in the Divide 
Fire area. 

Methods 

Small mammal populations were sampled in each area, the Divide Burn (DB), 
the Divide Control (DC), the Trail Creek Burn (TCB), and the Trail Creek 
Control (TCC), by snaptrapping following Calhoun's methods (1948). A 
total of 120 traps were placed in each area and were checked for three 
consecutive mornings. Stomachs were removed from P. maniculatus, and E. 
amoenus and sent to the Composition Analysis Laboratory at Colorado State 
University for dietary analysis. 
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Relative indices of pocket gophers were determined by mound counts 
(Reid et al. 1966}. 

Three live trap grids (one control and two experimental) were established 
in the Divide Burn to test interspecific competition. Clethrionomys 
were removed from the experimental grids and densities of Peromyscus · 
were sampled. 

Results 

The results of snap trapping are reported in Table 1. A total of 423 
mammals were caught during a trapping -effort of 2,503 trapnights. 

Fifteen Peromyscus maniculatus and 20 Eutamias amoenus -stomachs were 
collected and sent to Colorado State University for analysis. The 
results of the food habits analysis are reported in Tables 2 and 3. 

Mound counts estimating relative numbers of pocket gophers in the Trail 
Creek areas resulted in the following: 

10 mounds in TCB 
12 mounds in TCC 

No mounds were counted in either the Divide Burn area or Divide Control 
area. 

Total numbers of animals caught during the competition experiment are 
reported in Table 4. All three grids were trapped simultaneously for 
four nights to gather baseline population estimates. For five days 
thereafter on the two experimental plots Clethrionomys were removed. 
All three grids were resampled for four days one month later. 

Field work was completed by September 1. During the fall; the arthropod 
and soil samples collected during the 1978 field season were analyzed 
(see 1978 annual report on file with Yellowstone National Park for 
methods). Total numbers· of arthropods collected from each area are 
r~ported in Table 5. 

Seed population estimates were ~chieved from soil samples taken in the 
four study sites. Three layers of soil (0-2cm, 2-5cm, 5-10 em) were 
sampled in each area (Table ·6). 

No conclusions will be reported at this time. Conclusions will be 
discussed in the final report that is expected to be completed by early 
spring 1980. 
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Table 1. Results of snap trapping in four areas sampled in Yellowstone 
National Park. Numbers are individuals captured. 

SPECIES AREA (TOTAL TRAP NIGHTS) 

DB (651) DC (571) TCB (654) TCC (627) 

Clethrionomys gapperi 66 130 28 110 

Peromyscus maniculaturs 18 9 7 

Eutamias amoenus 13 4 13 8 

Sorex spp. 2 4 

Microtus spp. 4 2 

2 
~ -Zapus princeps 

Tamiasciurus hudsonicus 
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Table 2. Mean percent dry weight and standard deviation (in parentheses) 
in the stomach contents of Peromyscus maniculatus. 

Type 
of Food 

Arthropods 

Grass 

Forbs 

Fungi 

Seed 

Other 

DB 
n=10 

88.52 
(24. 78) 

11 . 06 
(24.53) 

.24 
(1.43) 

. 12 
(.37) 

AREA 
TCB 
n=S 

52.85 
(36.30) 

1. 10 
(2.47) 

18.54 
(12.38) 

6.36 
(8.74) 

21.25 
(25. 97) 

Table 3. Mean percent dry weight and standard deviation (in parenthesis) 
in the stomach contents of Eutamias amoenus. 

Type 
of Food 

Arthropods 

Grass 

Forbs 

Fungi 

Seed 

Other 

DB 
n=10 

44.92 
(20. 99) 

10.84 
(13.95) 

44.08 
(23. 58) 

.33 
( 1 • 06) 
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AREA 

TCB 
n=7 

30.30 
(36.22) 

4.50 
(4.74) 

17.27 
(12.03) 

5.71 
( 1 3. 99) 

49.05 
(26. 00) 

• 1 1 
(.29) 

TCC 
n=3 

16.34 
(19.23) 

3.80 
(2.7) 

79.87 
(18.50) 



'·i 

I 

Table 4. Results of live trapping during the interspecific competition 
study in the .Divide Burn. Numbers are total numbers caught. 

TRAP PERIOD . 

Species Grid Base 1 i ne Experimental Retrap 

1 control 9 20 17 
Clethrionomys 2 11 16 removed 10 

3 5 9 removed 11 

1 control 5 7 5 
Peromyseus 2 7 6 removed 4 

3 8 12 removed 12 

Table 5. Total numbers of arthropods collected during the 1978 field 
season in the four study areas. 

AREA 
Taxa DB DC TCB TCC 

Arachnids 123 559 143 442 
Co 1 eoptera 83 41 67 94 
Di ptera 326 62 427 133 
Hemiptera 8 1 14 5 
Homoptera 7 1 306 11 
Hymenoptera 152 158 143 258 
Lepidoptera 7 16 24 16 
Q-rthoptera 3 3 
Other 8 5 34 

Table 6. Numbers of seeds found per l gram of so i 1 in the three layers 
sampled from the four areas studied. 

Layer Rep 1 i cate 
Area (em) 2 3 

0-2 .34 .09 .40 
DC 2-5 .20 . 11 .08 

5-10 . 11 

0-2 .44 .15 . 10 
DB 2-5 . 12 

5-10 

0-2 .72 .88 1. 09 
TCC 2-5 . 17 . 19 .77 

5-10 .89 .45 

0-2 .46 .68 .26 
TCB 2-5 . 11 • 12 

5-10 . • 11 
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Objectives 

CHARACTERISTICS OF POCKET GOPHER POPULATIONS 
IN RELATION TO SELECTED ENVIRONMENTAL FACTORS IN 

PELICAN VALLEY, YELLOWSTONE NATIONAL PARK 

C. C. Youmans 
R. E. Moore 

Biology Department 
Montana State University 

Several important environmental factors which affect the dynamics of 
pocket gopher populations have been identified: water content at peak 
snowpack and depth of snow in spring (Hansen and Ward, 1966; Reid, 
1973); weather and Its influence on annual food supplies and cover 
(Howard and Childs, 1959); production of annual and perennial forbs 
(Keith et al., 1959; Tietjen et al., 1967); and ground water levels 
and snow depths (Ingles, 1949; Hansen, 1962). A need for specific 
information on pocket gophers in Pelican Valley, Yellowstone National 
Park arose from interest in interactions between grizzly bears (Ursus 
arctos horribilis) and northern pocket gophers (Thomomys talpoides). 
Mealey (1975) and Graham (1978) suggested that pocket gophers and 
their caches may serve as seasonally important food items for grizzlies 
in Yellowstone National Park. 

Objectives of this study were to select specific representative sites 
in Pelican Valley on which pocket gopher numbers could be quantified, 
monitored, and compared with data gathered concurrently on vegetative 
composition, standing crop, soil moisture, soil texture, and snow melt 
phenology. Changes in pocket gopher numbers were analyzed by gathering 
data on pocket gopher natality, sex ratios, age structure, annual popu
lation turnover, recruitment, period of peak parturition, and 
home range size. Frequency of infection with the parsitic nematode 
Capillaria hepatica, average weights, and compositon of a pocket gopher 
cache were also determined. · 

Field work was conducted from June to September in 1977 and from June 
to October in 1978. The final report, a Master of Science thesis by 
C. Youmans, has been completed, and copies have been mailed to the 
Rocky Mountain Regional Office, National Park Service, Denver, 
Colorado. 

Summary of Results and Conclusions 

Characteristics of pocket gopher populations in relation to vegeta
tion, soil texture, soil moisture, and snow melt phenology were measured 
on nine belt transects (100 m by 10 m ) . Pocket gopher numbers on belt 
transects were indexed from 48-hour mound counts and trapping. Three 
hundred-one pocket gophers were dead-trapped during the study. Mound-
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building activity was lowest after snow melt in June and generally 
hfghest in August, Mound counts were not a reliable index of gopher 
~umbers whe~ taken prior to late July. Abundan~e of winter soil casts 
in June 1978 was correlated significantly (P < .05) with mound counts 
from the previous 1 ate summer. and fa 11 of 1977. 

The period of peak parturition was determined to be from mid-April to 
mid-May. Placental scars were persistent and quantifiable and enabled 
computation of a mean litter size of 4.9 (n=67). Maximum litter size 
recorded was seven. Females had significantly (P <.025) larger litters 
(x=S.l) their second (1978) reproductive effort than their first (1977, 
x=4.4). Significant (P <.025) differences. in fertility occurred 
between 56 females collected from Festuca idahoensis/Deschampsia 
caespitosa habitat types (x=4.7) and 42 females collected from 
Artemisia cana/Festuca idahoensis community types (x=5.2). 

Population turnover averaged 76.5 percent on two belt transects which 
were live~trapped. Production of young exceeded replacement require
ments. Juvenil~s composed 80 percent of 64 pocket gophers ~~ad-trapped 
in September, 1978~ 

Combined line intercepts of Melica spectabilis and Perideridia gairdneri 
correlated significantly (P <.01) with 48-hour mound counts (Fig. 1). 
Abundance of Collorrria linearis also correlated significantly (P < .01) 
with 48~hour mound counts (Fig. 2)~ Soil textures on belt transects 
did not appear to influence pocket gopher numbers; however soil depths 
and soil temperatures may have don.e so. Soil moisture limited distri~ 
bution of pocket gophers. Swales were typically too wet for pocket 
gopher use until late summer. Dispersing juveniles established terri
tories on the edge of swales in August, when soil moisture was lowest. 
Marked differences in the depth of snow on 1 May between 1977 and 1978 
did not appear to influence juvenile survival and hence fall population 
levels. 
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Figure 1. Corre 1 at ion of combined 1 i ne intercepts of P. gairdneri 
and M." spectabilis on each of 9 belt transects to late
summer mound counts on each belt transect for 1977 (o) 
and 1978 (X). 
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THE EFFECTS OF FIRE ON FOREST FLOOR VEGETATION IN 
PONDEROSA PINE FORESTS IN THE SOUTHERN BLACK HILLS 

Ob.jecti ves 

Jane H. Bock 
Carl E. Bock 

Department of Environmental~ Population 1 and 
Organismic Biology 

University of Colorado 1 Boulder 

r 
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The objective of this study is to carry out an ecological analysi~ of 
vegetation occurring under the ponderosa pine canopy in Wind Cave Nat
ional Park and to define the relationship between this vegetation and 
fire. The N. P. S. has expressed speci a I interest in areas which have 
been invaded by ~onderosa pine since the national policy of fire sup
pression was established near the turn of the _century. 

Prescribed burning is being carried out on two wooded study areas fol
lowing the initial vegetation analysis which was carried out last 
summer ( 1979). The vegetation on unburned controls for the burned 
sites has b~en analyzed as wei I. 

Our study of·the vegetation is designed so as to consider species dis
tribution patte r_ns within each vegetation a I type and to compare and 
contrast the communities with one another. 

Two kinds of results are anticipated from this study. First 1 we wi ·l I 
contribute to the ~eneral knowledge of fire as an ecological and evo
lutionary force of nature. This study should contribute~ in particular 1 

to our knowledge of fire's role in the establishment of ecoton~s. The 
ecotone here 1 the interface of grassland and pine forest 1 is of partic
ular interest because both community types are widespread in North 
America. It should complement the ongoing prairie studies of F. R. 
Gartner (R. Klucas 1 Wind Cave N.P. 1 Pers. Comm. ). 

Second 1 this research 1 by delimiting the effects of fire on ponderosa 
pine understories in the Black .Hi lls 1 wi I I provide new 1 useful informa
tion to planners and managers. They wi I 1· be able to weigh alternatives 
for land use more accurately because they wi I I have foreknowledge of 
the effects of prescribed burning (or comparable wildfires) vs. fire 
suppression on the pine understory. 

Fire in ponderosa pine (Pinus ponderosa Laws) is one of the better doc
umented aspects of western U.S. fire ecology (e.g. 1 Behan 1 1975; 
Weaver, 1974). At least one excel lent summary of fire in South Dakota's 
Black Hi I Is exists (Gartner and Thompson 1 1973)~ F. R. Gartner con
tinues to work in Wind Cave N.P •• His present studies center on the 
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pra1r1e communities of the area CR. Klucas, U.S.N.P.S., Wind Cave N.P., 
Pers. Comm.). However, ·reI at i ve I y I itt I e is known about the reI at ion
ship between fire and the understory components of ponderosa pine com
munities (Bevan, 1975; Gartner and Thompson, 1973; and C. and J. Bock, 
personal experience in publication publication, 1978, 1978). We have 
found that ignoring vegetation below the forest canopy sometimes can 
lead to inappropriate and over-costly management programs (see J. Bock, 
Raphael and C. Bock, 1978). From an ecological standpoint, the s.ub
canopy layers are critical to the maintenance of species richness and 
diversity within the ecosystem Cop. cit. and C. Bock, Raphael and J. 
Bock, 1978). Before a sound management program can be constructed, it 
is always useful and often essential to have a clear picture of the 
composition and ecological role of understory communities. 

For a considerable portion of their distribution in the Black Hi I Is, 
ponderosa pines occur in what has been cal led the "forest-grass eco
tone" (Gartner and Thompson, 1973). This makes the I iterature concern
ing fire and the Great Plains pertinent as wei f, and it is extensive 
(see References in Vogl, 1974). Gartner and Thompson ( 1973) describe 
forest clearings in the Black Hi I Is which they suggest may be fire
maintained (p. 48). In our study area with ponderosa pine's relative, 
Jeffrey pine, in the Sierra Nevada, Wilken (1967) suggested that 
Sierran brushfields may be fire maintained as wei I. 

In summary, the literature and our previous research experience suggest 
that an investigation of ponderosa pine and fire in the Black Hi I Is, 
as we have described here, is relevant to current ecological research 
and the findings should be readily applicable to current planning and 
management decisions. 

Methods 

Our 19 study plots areal I 20 meters wide and 33, 50, or 67 meters in 
length . . Belt transects are run along the lengths of each plot and 
along a mid-line paral lei to and half-way between these boundary I ines. 
Sampling is done at 1/3 m intervals. Each sample site is approximately 
1 cm2 • AI I plants are identified at each sampling spot and theJt 
heights (or D.B.H.) and reproductive conditions recorded. 

The study plots are subdivided into 10 x 5 m "sections". On each study 
plot alI woody vegetation is recorded for 40 "sections". For each 
woody species, dimensions of specimens · (20 samp I es per species per 
study plot) are recorded on each of 17 study plots. 

From the vegetational data we are calculating cover, relative dominance, 
frequency and relative frequency for the plants of each study area 
(Smith, 1974). We also are summarizing the heights, reproductive con
ditions, life stages, etc. for selected species. This wi I I enable us 
to characterize eath of the study areas in several ways. 

Post-fire censuses of the burned areas wi I I enable us to obtain infor
mation about rates and species composition of regeneration and coloni
zation of the burned areas by plants. Post-fire recensusing of the 
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unburned areas wi II give us an index of year-to-year variation in 
vegetation. That variation wi I I be taken into consideration as we 
analyze the burned areas. 

Chi-square contingency tables are being constructed for the vegetation
al measurements to determine the degree to whi"ch the habitats differ 
from one another and how the impacts of burning affect those differ~ :~ 

ences. Litter -presence ~nd depth have been averaged for alI plots. 
Percent canopy and shrub density calculations are proceeding ·as is the 
analysis of pre-fire samples. 

A prescribed burn encompassing four study plots was carried out on 
October 17, 1979. Prsparation is being made for another pr~scribed 
burn in Apri I, 1980. 

Prior to the .burn, Jol Is, J. Bock, and Richard .Kiucas, W.C.N.P. Biolo
gist, cql lected soi I samples, litter sample, and classes 2 (Oct. 17) 
and 3 (Oct. 15) -tw.ig samples along the cone transects. Samples were 
taken to the University .of Co lorado for further analysis. 

The fire line around the area to be burned was completed on the morning 
of Octo~er 17, 1979~ At 12:45 P.M. there was a 7/10 cloud cover, the 
wind was 6 m.p.h. gusting to 12 from the west, the temperature was 
60°F, and the relative humidi t y was 51%. 

The burn was ignited by D. Sh i Its and R. Klucas, W.C.N.P., at 1:20 p.m. 
by means of a flame thrower and a drip torch. 

Results and Conclusions 

This project is not far enough a I ong at th i ·s time to a I I ow us to pre
sent results and conclusions. 
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In Wind Cave National . Park, where prairie dogs are fully protected, 
their numbers have greatly increased over the past few years. Park 
managers are conc~rned over the prairie dog's tenacious ability not . 
6nly to expand their colonies, but to pioneer and establish new ones. 
The seemingly unpredlctable expansion of prairie dog towns has long 
amazed and alarmed resource managers. Since the Park's cessation of 
management efforts ·in the mi·d-1950's, prairie dog colonies have grown 
from less than 500 acres in surface area, to an estimated 1,600 acres. 
Within the past few years, at least eight new prairie dog colonies have 
been established in the park. The t~ndency of prairie dogs to colonize 
and inhabit productive grasslands on gently rolling terrain is belie~ed 
to be reductng the range's capacity to support other herbivores such as 
elk and bison. 

The mechanism of prairie dog dispersal from established colonies is 
poorly understood. Hoogland (1977) found that decreased predation is 
the primary advantage of prairie dog coloniality. The risk involved in 
leaving the se~urity of their natal colony suggests that d~spersal 
occurs only under some environmental or beha.vioral pressure. King (1955) 
found that both young (yearlings) and old (2 years old and older) might 
migrate in the early summer. The key to successful prairie dog 
colonization might lie with the migration of adults from their coterie 
(family group) to establish and dig new burrowing systems, while leaving 
the home territory with its existing burrows and food supply to 
subadults. We also lack an understanding as to what environmental 
traits encourage colonization. In King's words, if "positive information 
could be secured about the freq.uency, ca.use, and method of ... mi.gration, · 
it would be of biological importance." 

If the prairie dog coloni~ation mechanism was better understood, we 
would be better equipped to predict and even enco.urage or discourage 
such expansion. If dispersing individuals could be behaviorally 
prevented from colonizing new areas, then ·traditional population 
management and control techniques, such as trapping, shooting and 
poisoning, would not have to be relied -upon. The timeliness of such an 
approach is especially important with the opposition currently being 
encountered with poisoning programs. 
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The ov~rall purpose of this project is to inVestigate black~tailed . 
prairle dog dispersal and the application of this knowledge to their 
management. Specific research obJectives are: . l) to determine the . 
conditions which lead to the emi'gration of prairie dogs from their natal 
coloni·es, 2) to identi'fy those. environmental charac-teristics which favor 
one area over another for establishment of a new colony, and 3) to test 
the use of behaviora·lly based techniques to d i scour_age the occupation 
of newly inhabited ra_ngelands. · 

Methods 

A recently colonized area was located in May of thls year and established 
as the pri"mary study slte. It is located -on a relatiyely flat 5.1 
hectare river bench i'n Wind Cave Canyon . . The sofl is a deep, moderately 
permeable silt loam. A blind was constructed on :the south edge of the 
colony in order to make behavioral observations. · The vegetation was 
analyzed and classified into three major vegetation types according to 
the degree of prairie dog modi·fication. The 52 animals in the co.lony 
were trapped and marked with body dye and eartags. Territorial 
boundaries were mapped from territorial interactions. Behavioral 
observations established prairie dog activity schedules. This baseline 
data will be used to ~ssess the effectiveness of the behavloral 
techniques of control • . 

In late October, the an·imals in. the study co.lony were recaptured and 
marked in preparation for the 1980 field season. This was necessary as 
trappi·ng during the breedi_ng season (March 1980) would constitute an 
unnatural disturbance to the social organization. 

Field work will resume in March 1980 and continue through October 1981. 
The primary study site in Wind Cave Canyon will be remapped and colony 
expansion monitored throughout the field season. A second observation 
blind will be constructed since the c61ony has expanded beyond th~ 

·effective view of the blind constructed last field season. 

Behavioral observations will continue in order to investigate social 
behavior related to prairie dog dispersal (Objective #1). Primary 
hypotheses of why prairie dogs disperse include 1) expulsion of 
established coterie. members by invading individuals, 2) flight to escape 
demanding young (King 1955), and 3) egress to prevent inbreeding (John 
Hoogland, pers. comm.). Establishing the validity of these hypotheses 
will aid us in determining the most effective methods of behavioral 
contra 1. 

Recently colonized areas will be located and environmental parameters 
measured, including topography, soil type, vegetation composition, pc;Jst 
disturbance, and distance from the nearest colony (Objective #2). As 
well as identifying common characteristics of new colonies, these 
satelllte dogtowns will be used to test behaviorally based control 
techniques. Predator silhouettes, predator scents, visual barriers, 
and hormone treatments are being considered. Techniques showing . 
promise· will be Intensively in-vestigated on the primary study site 
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(Objective #3), 

Oi·spersing pra.irle d_o9s·' qre coJTllllQnly observed along roadways· in Wind 
Cave Nati'onal Park ·far from establlshed colonies. Park personnel have 
agreed to help in the capture of as many of these animals as possible. 
·The dispersers will be examlned., marked, and: affixed with radro 
transmitters. Data collected w-t-1 ·1 lnclude age, sex, distance travelled, 
and the percent of these individuals .that i~ccessfully colonize or . 
become established · in a new slte. ·A minimum of 20 radiocollared prairie 
dogs will be necessary to · reach · defintte conclusions about p.rairie dog 
dispersal (Objectives #1 and #2). · 

Results 

From 25 May to 16 August the colony increased iri size from 0.47 to 0.66 
hectares (40% growt.h) and 62 new burrow entrances were excavated (40% 
increase). At the end of the first field season the area contained 49 
prairie dogs (74/ha~ -) and 217 burrow entrances (329/ha.). 

Compared to the interior of the coloni, a · signifiGantly greater 
proportion of feeding activity occurred on the edge and immediately 
outside the periphery of the colony . (n~l - 53, t=3.62,P(.001). This 
reflected a feeding preference for grasses around the periphery o~er 
the forbs which d.ominated the inte.rior. During the late-summer dry 
season, further increases in feeding activity occurred outside the 
periphery as the prairie dogs expanded the colony into the mixed-grass 
con111unity. This difference was highly significant (N=153, t=4.14, 
P<.OOl). . . 

Prairie dogs rely greatly on their sense of vasaon to detect predators 
and territorial interlopers (King 1955). In an attempt to restrict 
colony expansion, visual barriers (burlap affixed to metal stakes) were 
constructed in an expansion area on the western edge of the colony. 
Due to adverse weather conditions, sample sizes were too ~mall for 
statistical analysis. However, there was a 40% reduction in feeding 
a~tivity in the area containing visual barriers. with no habituation 
after a six-day period. This suggests that visual barriers merit 
additional experimentation to determine their effectiveness in 
controlling dogtown expansion. 

Prairie dogs found away from colonies were considered dispersing 
individuals. A single adult female prairie dog was located 0.8 kilometers 
from the nearest colony in late May. A radiocollar was affixed and she 
was tracked to a small group of burrows 0.6 kilometers from the p_oint of 
capture. This suggests that radiotelemetry can be an effective technique 
for obtaining information about prairie dog dispersal. The behavior of 
three individuals two to four weeks after being radiocollared was the 
same as uncollared individuals in the study colony. 

Five new colonies established within the past three months were located 
in Wind Cave National Park and on adjacent rangeland, These .satellite 

-146-



I 

!· 

colonies were all located on disturbed sites due to overgrazing by 
cattle, former cultlvation~ or bison feeding and loafin9. ln. order to 
measure the extent of . the d{s,turbance prior to prairie dog colonization, 

.these sites were mapped and .the vegetati-on was analyzed. Compared to 
randomly selected prairle sites in the park, 'the ·recently colonized 
areas had signjficantly greater proportrons of bare ground (n=150, 
t=3.13, P '.01) and .the. vegetation height was si·gnfftcan·tly lower ·(n=150, 
t=3.58~ P < .001). factor.s such as th.ese .may be responsible for the 
s~l~ction of sites by prai~ie d~gs. 

There was a close correlation (r=.96) Between the percent increase in 
total area of dogtowns and the total size of the elk and bison herd 
within the park over the past 15 years. However, Incomplete data for 
some years preverit cone 1 us ions about ·this re lat i onsh i p. 

Conclusions 

Prellminary results of the first field seaso~ suggest that most colony 
expansion occurs during the late-summer dry season. This expansion 
could be further enc~uraged by the effects of drought and a large 
ungulate herd. Even though initial experiments with visual barriers 
show promise for the con.trol of dogtown expansion, additional 
experimentation is needed to substantiate the effectiveness of this and 
other methods of control. · 

Analyses of recently colonized areas in the park suggest that prior 
disturbance may be a requisite to successful prairie dog colonization. 
Park records indicate that the sites of all major dogtowns within Wind 
Cave National Park have a previous history . of some ~ype of disturbance. 
The results of radiotelemetry work during the 1980 field season should 
prove valuable in addressing this relationship. 
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The study was designed to determine whether different fuel and soil 
moisture levels at time of ignition would .alter the response of key 
grass species to prescribed burning. 

Grasslands occupy approximately 75% of the area of Wind Cave Nation~l 
Park (WCNP); the remainder is dominated by ponderosa pine (Pinus ponderosa), 
according to Lovass (1973). The Soil Conservation Service (1969) classed 
only about 17% of the Park area as woodland~ Nearly all grassland adja
cent to woodland has been invaded by ponderosa pine~ Almost without 
exception, pine invades the little bluestem- big bluestem (Schizachyrium 
scorparium- Andropogon gerardi} community, but not the wheatgrass -
needle- grass - grama (Andropogon- Stipa- Bouteloua) community. While 
these two communities are frequently interspersed, the bluestem community 
probably occupies the largest percentage of the total grassland area. 

The general relationships between fuel moisture content and fire spread 
(or ease of con.trol) are well known. However, relationships between 
fuel and surface soil moisture content and responses of plant species 
to burning are not well documented. Since the key grass species of the 
bluestem community are major dominants throughout the Park, that community 
wa~ selected for the study. Examined were the effects of three fuel 
moisture levels (dry, medium and wet) at ignition on postburn species 
composition, cover, height, wei _ght, soi 1_ moisture and soi 1 chemistry. 
The design also included an unburned (control) treatment. 

Methods 

A rather homogeneous bluestem community was located on Gobbler's Ridge 
in the southwest corner of the Park. The ·area, on the Park -boundary, 
had been fenced to exclude bison and domestic livestock from neighboring 
ranches for about 15 years. 

Two study sites were staked: the Little Bluestem site and the Mixed 
Grass sfte. The former was dominated by a · nearly pure stand of little 
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bluestem, while the lc;1tter WqS dominated by a complex of little bluestem 
w-estern wheatgn~ss and green needl .egrass with an. understory similar 
to the Lit t fe · B 1 ues tero s i· te f 

Four replications of three fuel moisture levels (dry, JTiedium, wet) 
and the unburned control -were located on the Little Bluestem site and 
three replications of the same treatments were located on the Mixed 
Grass sfte. Treated plots on both sites were 4 x 4 m. Treatments were 
randomly assigned to plots withiri replicates~ 

Preburn data collection in spring 1978 . includ~d sampling for basal cover 
and culm heights of little blu~stemi f~el quantity, fu~l moisture, 
surface soi 1 moisture, and soil chemical analyses. Postburn sampling 
was conducted during ·1978 and 1979 growing seasons for the same .parameters 
and for vegetation weight (yield) and soi 1 moisture at 30, 46 and 61 em. 

ro obtain a variation in fuel moisture levels within a short time 
period between ignition of the three treatments it was necessary to 
apply a measured quantity of water on the 11wet11 treatment. The ' 1dry1

' · 

burns were accomplished on May 26, 1978; nmedium" burns on June 1, 
1978, after 0.25 to 0.50 in. of precipitation occurred the night of May 
30. The ••wee• burns were conducted on June 2 after the application 
of simulated rainfall of approximately 0.25 in. 

Permanent photo points were staked at both study sites before ignition. 
Sequential photographs were used to complement field sampling, as 
well as to provide a record of phenological changes occurring after 
the burning treatments. 

The range of pre-ignition fuel and surface soil moisture levels 
between treatments at Gobbler's Ridge was less than anticipated or 
desired (Table 1). It was concluded that dormant vegetation and mulch 
could be burned under wetter conditions than those occurring at the 
time of burning on June 1, 1978. However, because the phenological 
stage of development of cool season plants was so advanced, and because 
natural precipitation did not occur as anticipated in mid to late May, 
the decision was made to proceed with the burning treatments. 

In order to try to obtain a wider range of pre-ignition fuel moisture 
conditions than existed at Gobbler's Ridge, a similar study area was 
located in the spring of 1979 a few miles northwest of Windy Point. The 
vegetation consisted of a nearly pure stand of little bluestem, similar 
in appearance to the Little Bluestem study site at Gobbler's Ridge. Graz
ing by Park ungulates had occurred, but utilization appeared to be 
very 1 ight. 

At Windy Point two fuel moisture levels and an unburned control 
were incorporated in the design across four replications. Each treated 
area was 4 x 4 meters. Fuel moisture, fuel quantity, and culm heights 
of little bluestem were sampled immediately before ignition. Permanent 
photo points were staked and initial preburn photographs taken. Little 
bluestem culm heights and vegetation yields were sampled in July and 
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August 1979~ 

The nwet" treatment was s~ trou .lated by uniformly applyi_ng · 26_ gal. of 
water at 200 ps-i· oye'r· a .three ·minute perlod to each plot. The procedure 
was to apply approidmately 0,25 fn • . of artificial precipitation in 
late afternoon on May 23, 1~79 and burn the. following morning . . ':'Dry11 

treatment plots were burned · iromedrately after burning of . the 11wet 11 

treatments was completed~ Al ·l · t•dryn and ·••cont-ro1 11 ·plots then received 
0.25 in. artificial preclpitatlon 'to preclude differential response 
between treatments due to app·l icati·on of artificial precipitation in 
only the "wee' burn plots. 

Results 

Fuel moisture levels at {gnitlon for 1'dryu and 11wet 11 .burnlng treat
~ents on the Little Blu~stem sft~ at Gobbler's Ridge were 30 and 46%, 
re~pectively, in 1978 (Table 1). ·At . the Windy Point locati6n, fuel 
moisture levels ·for ''dry" and 11wet11 burni_ng treatments in 1979 were 27 
and 54%, respectively. 

Results indicated that the fuel moisture levels under which the burning 
treatments were applied in 1978 and 1979 at both locations did not affect 
recovery of vegetation or total yields. At the Little Bluestem study 
site on Gobbler's Ridge, the weight of the cool season grass component 
was significantly reduced by all burning treatments in the first grpw-
ing season (1978). That change was anticipated since cool season grasses 
(and sedges) were actively growing at the time of burning. Other vegeta
tion components were not significantly affected by burning either year 
at any fuel moisture level. 

Fuel moisture content at ignition had a significant affect on the 
quantity of mulch comsumed during the burns. The appearance of charred 
mulch and ash on the soil surface immediately after burning indicated 
little variation between plots within study sites. However, fuel 
(and presumably surface soil moisture) levels had a pronounced effect 
on the quantity of unburned mulch remaining on the soil surface. As 
fuel _moisture content increased, more unburned mulch remained to serve 
as a protective cover over the soil. At the Little Bluestem study 
site, percentage fuel consumed showed a highly significant positive 
correlation of 0.76 to burn temperature. Fuel moisture content at 
ignition showed a significant negative correlation of 0.995 to burn 
temperature, and there was a highly significant negative correlation 
(r=0.820) of fuel moisture to percentage of fuel consumed. Fuel 
moisture content could, theoretically, affect plant response if there 
was a long period of time between burning date and the potential of 
the site during a lengthy period without protective mulch over the 
soil surface.- Furthermore~ this situation could reduce infiltration 
of moisture into the soil profile. 

Surface soil moisture at ignition had no detectable effect on postburn 
vegetation recovery. ·Soi I profile· moisture content did not ·appear to be 
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related to fuel moisture conditions. However, soil moisture depletion 
in the first growing season after burning appeared to be related to 
postburn vegetation recovery rate. 

Comparisons of little bluestem culm heights in the two growing 
seasons following burning at Gobbler's Ridge indicated a trend toward 
taller culms following .burning. However, little bluestem culms in 
the unburned control treatments were almost always taller than those 
of the burned treatments. Differences, though small and insignificant, 
tended to equalize in August of the second 'growing season following 

. burning. 

Summary 

With proper timing with regard to ease and safety of fire control, and 
the knoWledge that fuel moisture content at ignition does not adversely 
affect composition or yield of vegetation, prescribed burning can 
become a more versatile management option. 

Literature Cited 

Lovas~, A. L. 1973. A cooperative elk trapping program in Wind 
Cave National Park. Wi ldl. Soc. Bull. 1 (2): 93-100. 

U. S. Dep. Agri. 1969. Conservation plan for Wind Cave National 
Park. U.S.D.A., Soil Conserv. Serv~, Lincoln, NE 46 pp. 

Acknowledgements 

The research scientists wish to express their gratitude to employees 
of Wind Cave National Park whose cooperation and assistance in the 
field -made. this study possible. 

-151-



Table 1. Pre-ignition surface soil moisture, fuel moisture and relative 
humidity at the two study sit e~ · on Gobblerls Ridge, WCNP. 

BURNING 
TREATMENT 

DRY 

MEDIUM 

WET 

DRY 

MEDIUM 

WET 

DRY 

MEDIUM 

WET 

Date 

May 26, 1978 

June 1, 1978 

June 2, 1978 

May 26, 1978 

June 1, 1978 

June 2, 1978 

May 26, 1978 

June 1, 1978 

June 2, 1978 

STUDY SITES 
Little 

Bluest em 

33 

41 

46 

30 

38 

46 

37 

60 

50 
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SOIL MOISTURE, 0-1 em (%) 

FUEL MOISTURE (%) 

RELATIVE HUMIDITY (%) 

Mixed 
Grass 

34 

/ 34 

44 

32 

47 

40 

37 

61 

50 
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The range use patterns and food habits of Bison bison at Wind Cave 
National Park (WCNP) were observed during the winter, spring and 
summer of 1979. WCNP, a fenced area of 11,355 ha, is located in 
the southeastern portion of the Black Hills of South Dakota. 
Approximately 80 percent of the Park is in rolling mixed-grass 
prairie, and the remainder is rocky hills covered by Pinus 
onderosa. Other major herbivores inhabiting the Park include 

elk Cervus elaphus), pronghorn (Antilocapra americana), mule 
deer (Odocoileus hemionus), and black-tailed prairie dog (Cymomys 
ludovicianus). Information pertaining to the bison herd's use of 
range resources is necessary to make proper management decisions 
concerning the bison within the Park. In addition, because WCNP 
is a remnant representation of the mixed-grass floral and faunal 
complex, and because the bison are able to roam freely within the 
boundaries, this study was also an opportunity to describe the 
ways in which bison utilize some of the resources with which they 
evolved. Specific objectives of the study were to determine 
(1) seasonal food habits, key forage species, and differences in 
food habits between age and sex classes, and (2) interactions 
with other major ungulates using the range. 

Methods 

Range use was determined by routinely traveling through the Park 
along major highways and roads. Approximately 30 percent of the 
entire Park is visible for observation along these travel routes. 
Whenever bison were observed, . the range site they were utilizing 
and their activity at that range site was recorded. The range 
sites considered can be categorized as warm season sites, cool 
season sites, and prairie dog towns. An average of 3,000 bison 
sightings was recorded in each season. 

Food habit trends were determined by conducting at least two feed
ing site examinations per week. A feeding site exam was co~ducted 
on a area where bison had recently been grazing. Transects were 
run through the grazed area, and at regular intervals along the 
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transects the grazed species of plants were identified. The amount 
of each speci~s eaten was also determined by counting the number 
of stems and/or leaves freshly bitten off each plant. A weekly 
average of 1,000-1,500 instances of use (number of leaves ~nd/or 
stems bitten) was recorded. 

Cool season grasses and grass-li'ke species received values nearly 
equal to or greater than 1.0 throughout the entire year (Table 2). 
During mid and late summer, warm season grasses were associated with 
index values greater than 1.0 yet had values less than .1 .0 the rest 
of the year. Shrubs and forbs had index Values less than 1.0 
througJtout the year. Bison seem to have season a 1 shifts in types 
of graminoids they select. Seasonal shifts in grazing preferences 
appear to coinci"de with the growing seasons of cool and warm season 
graminoids. Bison seem to be grazing vigorously growing grasses and 
sedges. This is especially ev·ident during mid and late summer when 
bison begin to graze warm season grasses. Selection for vigorously 
growing plants is of obvious value because of the increased palata
bility and nutritive value of growing plants. Evidently, when bison 
inhabit rangelands as diverse and productive as those at WCNP, they 
will utilize the range resources selectively and maximize them. Per
haps free-roaming bison in historical times utilized similar feeding 
strategies. 
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Table 1. Seasonal Relative Preference l~dices for Range Use. 

Cool season Warm season Prairie dog 
sites sites towns 

Spring 1. 47 0.59 0.14 

Early summer 1 • 21 0.56 1.08 

Mid-summer 1 . 18 0.47 1. 49 

-154-



Late summer 

Autumn 

Winter 

0.87 

1 .47 

1. 50 

0.52 

0.38 

0.75 

2.33 

0.84 

0.08 

Food habits will also be determined by microscopic analysis of bison 
fecal samples. Samples from at least 50 fresh b.is·on chips were 
collected each season. ·These samples were oven dried for 24 ··hours at 
60 C and then the dried samples were ground with a Wiley mill having 
a 20-mes·h screen. These samp 1 es w i 11 be compos i ted by season and · 
analyzed with a phase contrast microscope to determine what species 
of plants were ea.ten • . A microscopic reference collecti"on of the 
plant species found within WCNP was completed. The collection con
sists of 180 species of plants, representing 50 families. A key to 
the identificati.on of these plants was prepared to aid in the micro":" 
analysi~ of the bison fecal samples. 

Forage avc:dlability· was determined by two methods. · Relative fre-· 
quency of the various plant species available for bison to ea·t on 
each feeding site exam area was determined by running transects 
through the exam site and identifying pl~nts encountered at each 
pace along the transects. Twice a ·month more intensive vegeta- · 
tion analysis was conducted on representative feeding site exam 
termined at 40 random locations of a ,Daubenmeier frame along 
transects through the exam area. 

Results and Discussion · 

Data collected in 1979 was compiled with that collected in summer 
and fall of 1978. Collectlon of field data is now complete . . 

A relative preference index (RPl) ·was computed to evaluate any 
seasonal preferences in either range or forage use. The index 
(Krueger 1972) is calculated in t .he following manner: 

% range (or forage) type u~ilized 
Relative Preference lndes = ~------~--------~----------------% range (or forage) type ava i 1 ab 1 e 

An index value of greater than 1.0 would mean that bison were se
lecting for a particular range site or forage type; less than 1.0 
would mean a lack of selection. 

Cool season sites were associated with a index of greater than 1.0 
during all seasons except late summer (Table 1). · Throughout the 
year, warm season sites had index values less than 1.0. Prairie 
dog towns .had index values greater than 1.0 in the summer seasons 
yet had values less than 1.0 at other times. There appears to be a 
change in range site preferences by bison during the summer. They 
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appear to be strongly attracted to prairie dog towns and less at
tracted to non-dog town areas. The reason that the dog towns are 
so attractive to. the bison in the summer is unknown. · Some re.:.. 
searchers feel the towns are, in effect, a staging ground for the 
bison's breeding activities as their rot occ~rs .. in the summer. Yet 
other researchers feel the vegetation of the towns may be attrac
tive to the bison. This preference between bison and prairie 
dogs may have existed historically. 

Table 2. Seasonal Relative Preference Indices for Forage Use. · 

Cool season Warm season Forbs and 
grasses grasses s·hrubs 

Spring 1 . 37 0.53 0.06 

Early summer 1. 39 . 0. 77 0.26· 

Mid-summer 0.99 1. 32 0.52 

Late summer 1. 85 1 • 2.1 . 0.33 

Autumn 1 . 51 0.63 0.38 

Winter 1.07 0.88 0.26 
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NATIONAL PARK SERVICE AREAS 
COOPERATING WITH 

U.W.-N.P.S. RESEARCH CENTER 

Montana and Wyoming 

GLACIER NATIONAL PARK 
West Glacier, Montana 59936 
Superintendent: Phillip Iverson 
Telephone: (406) 888-5411 

15 YELLOWSTONE NATIONAL PARK 
Yellowstone National Park, 

Wyoming 

10 DEVILS TOWER NATIONAL MONUMENT 
Devils Tower, Wyoming 82714 · 16 
Superintendent: Homer A. 
Robinson 
Telephone: (307} 467-5370 

11 FORT LARAMIE NATIONAL HISTORIC SITE 
Port Laramie, Wyorriing 82212 
Superintendent: Vernon Hennesay 17 
Telephone: (307) 837-2221 

12 FOSSIL BUTTE NATIONAL MONUMENT 
P.O. Box 527 
Kemmerer, Wyoming 83101 
Superintendent: Roger Martin 
Telephone: (307) 877-3450 18 

13 GRAND TETON NATIONAL PARK 
P.O. Box 67 
Moose, Wyoming 83012 
Superintendent: Jack Stark 
Telephone: (307) 733-2880 19 

14 JOHN D. ROCKEFELLER JUNIOR, 
MEMORIAL PARKWAY 

P.O. Box 67 
Moose, Wyoming 83012 
Telephone: (307) 733-2880 
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Superintendent: John Townsley 
Telephone: (307) 344-7381 

BIGHORN CANYON NATIONAL 
RECREATION AREA 

P.O. Box 458 
Fort Smith, Montana 59035 
Superintendent: Homer L. Rouse 
Telephone: (406) 666-2412 

CUSTER BATTLEFIELD NATIONAL 
MONUMENT 

P.O. Box 39 
Crow Agency, Montana 59022 
Superintendent: James Court 
Telephone: (406) 638-2622 

BIG HOLE NATIONAL BATTLEFIELD 
P.O. Box 237 
Wiscom, Montana 59761 
Superintendent: Alfred Schulmeyer 
Telephone: {406) 689-2530 

GRANT-KOHRS RANCH NATIONAL 
HISTORIC SITE 

P.O. Box 790 
Deer Lodge, Montana 59722 
Superintendent: Thomas Vaughn 
Telephone: (407) 846-2070 
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NATIONAL PARK SERVICE AREAS 
COOPERATING WITH 

U.W.-N.P.S. RESEARCH CENTER 

North Dakota and South Dakota 

2 FORT UNION TRADING POST NATIONAL 
HISTORIC SITE 

Buford Route 
Williston, North Dakota 58801 
Superintendent: William Wellman 
Telephone: (701) 572-9083 

3 THEODORE ROOSEVELT NATIONAL 
MEMORIAL PARK 

Medora, North Dakota 58645 
Superintendent: John Lan~aster 
Telephone: (701) 623-4466 

4 KNIFE RIVER . INDIAN VILLAGES 
' · ., NATIONAL ·Hf.·STORIC SITE 

P . 0 . Box · 1 7 5 
Stanton, North Dakota 58571 
Superintendent: Earl Curran 
Telephone: (701) 745-3636 

5 INTERNATIONAL PEACE GARDENS 
P.O. Box 419 
Dunseith, North Dakota 58637 
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6 . BADLANDS NATIONAL MONUMENT 
P.O. Box 6 
Interior, South Dakota 57750 

·Superintendent: Gilbert Blinn 
Telephone: (605) 433-5361 

7 WIND . CAVE NATIONAL PARK 
Hot Springs, South Dakota 57747 
Superiniendent: Lester McClanahan 
Telephone: (605) 727-2301 

. 8 MOUNT RUSHMORE NATIONAL. 
· ·· MEMORIAL 
Keystone, South Dakota 57751 
Superintendent: ·· Edwin Rothsuss 
Telephone: (605) 574-2523 

9 JEWEL CAVE NATIONAL MONUMENT 
Custer, South Dako~a 57730 
Supertendent: Albert J. Hendricks 
Telephone: (605) 673-2288 
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